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Editorval 


As is known to all those concerned with genetics, Professor Sirks 
has been editing GENETicA and BIBLIOGRAPHIA GENETICA virtually 
single-handed for a considerable time, since the death of Professor 
Goddijn. Two years ago he was joined by Professor Rümke; and in 
the course of their many conversations, it became clear that it was 
a hopeless task for even two editors to try to cover the vast domain 
of present research. They felt very grateful therefore that several 
specialists in various fields of genetic research declared their willing- 
ness to cooperate as advisors. 


Meanwhile, both Prof. Sirks and Prof. Rümke have withdrawn 
from the editorship, and their task has been taken over by the under- 
signed. Prof. Rümke is continuing to take an active part in the affairs 
of these periodicals as a member of the Editorial Board, listed below: 


Ir. M. van Albada, Prof. Dr. W. K. Hirschfeld, 
Dr. G. A. van Arkel, Dr. A. Koopmans, 
Dr. J. M. van Brink, Prof. Dr. R. Prakken, 
ee Prof. Dr. S.J. Geerts, — Prof. Dr. C. L. Rümke, 
E Prof. Dr. H. Gloor (Editor), Prof Dr. F. H. Sobels, 
£ Dr. B. de Groot (Editor), Dr. Ir. J. H. van der Veen. 


One of the urgent problems calling for solution is the time lapse 
between the receipt of a manuscript and its subsequent appearance 
in print. In order to improve this situation the rule has been adopted 
to set the limit for articles at about 32 printed pages and, beginning 
with this issue, to give priority to short communications of not more 
than 6 pages each. 


In spite of the delay in the publication of the current Volume 32 
(1961) accelerated appearance of a number of articles will render 
this Volume its normal size. 


The new Editorial Board trusts that through the measures intro- 
duced by them GENErIcA and BIBLIOGRAPHIA GENETICA will 
continue to serve an ever increasing number of geneticists. 


H. GLooRr ee 
B. pe GroorT e, 3 
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KARYOLOGICAL STUDIES IN CROCUS V. 1) 


by 
K. KARASAWA 


Tochigi Kôtô Gakkô, Tochigi Pref. Japan. 
(Received for publication Sept. 18, 1961) 


In my cytological study of Crocus, 1 have added some new data by 
using the materials that have been obtained after the war. The present 
paper deals with these new results. 


MATERIALS AND METHODS 


The materials were mostly obtained from C. G. van Tubergen and 
Barr & Sons. One species, Crocus danfordiae, was kindly sent by De 
H. F. Dovaston in Scotland, to whom I wish to express my sincere 
gratitude. The somatic chromosomes were observed in permanent 
preparations stained with Heidenhain's iron-alum haematoxylin. 
The meiotic chromosomes were exclusively observed. by the aceto- 


carmine smear method. 


OBSERVATIONS 


1. Crocus danfordiae had eight somatic chromosomes (Fig. I), as 
has been reported by MATHER (1932). A pair of chromosomes had 
satellites, as seen in Fig. 1. 

2. C. karduchorwm (C. kotschyanus var. leuchopharynx). Four bi- 
walents were observed at the heterotypic metaphase (Fig. 2), as eX- 
_pected from my last report (KARASAWA, 1956). In most pollen mother 


1) The expenses of this study were partly defrayed by a grant from the Mi- 
nistry of Education, to which I wish to express my cordial thanks. 
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Fig. 1-40. — 1. Somatic chromosomes of Crocus danfordiae (2n = 8). — 24. 
Meiosis in P.M.C. of C. karduchorum: 2. Four bivalents, 3. Four univalents at 
each pole, 4. Irregular first division. — 5-13. Meiosis in P.M.C. of C. biflovus 
Weldenii albus: 5. Five tetravalents, 6. 4IV 2II, 7. 3IV IL, 8. 2IV GIL, 9. Five 
bivalents at each pole, 10. Ten bivalents, 11. Ten univalents at each pole mi 
Abnormal meiosis, 13. Chromosome mass. — 14-15. Meiosis in C. chrysanthus 
Blue Bonnet: 14. Four bivalents, 15. First division. — 16-17. Meiosis in C. 
chrysanthus E. P. Bowles: 16. Four bivalents, 17. First division. — 18-22. Meio- 
sis in P.M.C. of C. chrysanthus fusco-tinctus: 18. Five bilvalents, 19. Normal 
first division, 20. Non-disjunction (4 : 6), 21 and 22. Lagging chromosomes. — 
23-24. Somatic chromosomes of C. chrysanthus fusco-tinctus: 23. Diploid (2n=9), 
24. Tetraploid (4n—18) in the same root-tip. — 25-26. C. susianus: 25. Twelve 
somatic chromosomes, 26. Six bivalents at heterotypic metaphase. — 27-30. 
C. speciosus Oxonian: 27. Fourteen somatic chromosomes, 28. Seven bivalents 
at first metaphase, 29. Normal first division, 30. Laggards. — 31-32. Meiosis 
in P.M.C. of C. cancellatus albus: 31. Eight bivalents at the first division, 32. 
First division. — 33. Somatic chromosomes of C. cancellatus cilicicus (2n—=18). 
— 34-37. C. vernus Haarlem Gem: 34. Somatic chromosomes (2n— 16), 35. Eight 
bivalents at the first metaphase, 36. Normal first division, 37. Abnormal di- 
vision. — 38. Eleven bivalents at heterotypic division of C. medius. — 39. 
Twelve bivalents at the first metaphase of C. minimus. — 40. Eleven tetravalents 
in P.M.C. of C. nudiflorus. 


Magnification of figs. 1, 23-25, 27, 33, 34 = 1500 x ‚ other figs. = 600 Xx. 


cells meiosis took place in normal course (Fig. 3). In a few cases, 
however, irregular chromosome behaviour was observed (Fig. 4). 

3. C. biflorus Weldenii albus. Since this variety had twenty somatic 
chromosomes (KARASAWA, 1943), five tetravalents were usually seen 
at first metaphase of rheiosis (Fig. 5). The chromosome conjugations 
however, varied from five tetravalents to ten bivalents (Figs. 6-8, 
and 10). Judging from these chromosome conjugations, this variety 
is believed to be an autotetraploid. The first divisions were usually 
normal as seen in Figs. 9 and 11. In some cases, abnormal figures were 


observed (Figs. 12 and 13). 


168 K. KARASAWA 


4. C. chrysanthus Blue Bonnet. This new garden variety had four 
bivalents (Fig. 14) and the meiosis seemed to proceed normally (Fig. 
19) 

5. C. chrysanthus E. P. Bowles. As has been reported earlier (KA- 
RASAWA, 1943), this plant had eight somatic chromosomes, and four 
bivalents were in fact observed (Fig. 16). The reduction divisions were 
normal (Fig. 17). 

6. C. chrysanthus fusco-tinctus. MATHER (1932) counted ten somatic 
chromosomes in this variety. Five bivalents were observed (Fig. 18), 
as was expected and meioses were usually normal (Fig. 19). Sometimes 
abnormal divisions were observed (Figs. 20-22). From the external 
characters, such as fuscous anthers, flower colour and leaf structure 
in cross section, and in view of the cytological data mentioned above, 
it is suggested that this garden variety might be a different species 
from the type species C. chrysanthus. As to this plant, BowLeEs (1952) 
expressed the similar opinion that it should be a sub-species. In other 
material of this taxon, nine somatic chromosomes were counted (Fig. 
23), tetraploid cells being observed in a few cases (Fig. 24). 

7. C. susianus. The specimens that came from C. G. van Tubergen 
proved to have twelve somatic chromosomes (Fig. 25), as has been 
described by MATHER (1932) and PATHAK (1940). Six bivalents were 
counted at meiosis (Fig. 26). 

8. C. speciosus Oxonian. This speciosus variety new to me had 
fourteen somatic chromosomes (Fig. 27). At meiosis, seven bivalents 
were counted (Fig. 28). The reduction division proceeded mostly 
normally (Fig. 29). In some cases, however, abnormal chromosomes 
behaviour was observed as seen in Fig. 30. 

9. C. cancellatus albus. In accordance with the earlier count of 
sixteen somatic chromosomes in this variety (KARASAWA, 1943), 
eight bivalents were observed at the first metaphase (Fig. 31). Meio- 
sis was regular in the majority of cells (Fig. 32). 

10. C. cancellatus cilicicus. Eighteen somatic chromosomes were 
counted in the garden variety cilicicus of C. cancellatus (Fig. 33). 

IL. C. vernus Haarlem Gem. This herb was raised from the hy- 
bridization of C. vernus and C. tomasinianus, at C. G. van. Tubergen. 
Sixteen somatic chromosomes were observed in root-tip cells (Fig. 
34). Although this Crocus was a hybrid, eight bivalents were ascer- 
tained in most cases (Fig. 35). At the first division, eight bivalents 
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were distributed mostly as 8 to 8 (Fig. 36). In some pollen mother cells, 
the chromosomes behaved abnormally (Fig. 37). 

12. C. medius. Eleven bivalents were counted at the first meta- 
phase of meiosis (Fig. 38). 

13. C. minimus. Twelve bivalents were counted at meiosis (Fig. 39). 

14. C. nudiflorus. This species has been known to contain 44 soma- 
tic chromosomes (KARASAWA, 1959). Eleven tetravalents were counted 
at the first metaphase of meiosis (Fig. 40). From the fact that C. 
asturicus, the nearest relative to C. nudiflorus, had eleven bivalents 
(KARASAWA, 1943), this herb is assumed to be an autotetraploid plant 
in same section. 


SUMMARY 


Karyological observations were made in fourteen Crocus including 
various Linnean species and garden varieties. C. biflorus Weldeniúi al- 
bus was an autotetraploid with five tetravalents, C. nudiflorus being 
also an autotetraploid having eleven tetravalents. 
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COMPARATIVE STUDIES OF MORPHOLOGY AND CYTOLOGY 
OF A NATURAL POLYPLOID COMPLEX IN 
TEPHROSIA VILLOSA PERS. 


by 
GENE 


Department of Botany, Desbandhu College, University of Delhi, Kalkaji, 
New-Delhi-19, India 
(Received for publication February 15, 196T) 


INTRODUCTION 


The genus Tephrosia is represented by 140 species (Wirris, 1957) 
distributed widely in tropical and sub-tropical regions of the world. 
Ten species are reported by HOOKER (1879), to occur in India and 
recently MAHESHWARI (1957) has reported 4 species from Delhi. 

T. villosa Pers. grows on wasteland and road sides during the 
rainy season. A good deal of variation existed in the size of plants 
and flowers in the wild population and two cytological forms, 2x and 
4x were discovered which ascertained the cause of these morphologi- 
cal variants. 

Earlier cytological studies on this species have been made by 
FRAHM-LELIVELD (1957), who reported the haploid number to be 11. 
The present study on the species was initiated to provide detailed 
cytological data and to ascertain the possible relationship between 
the two cytological forms. 


METHODS 
The studies were carried out from smears of freshly fixed pollen mother cells 
in young flower buds of desirable sizes. These were fixed in modified Carnoy’s 


solution. After 20 hours or more, squashes were prepared in acetocarmine to 
which iron had been added. The peak period of division was found between 
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noon and 3 P.M. The measurements of vegetative characters (stomata, floral 
parts and fruits) were taken in 15 tetraploids and in a similar number of diploid 
individuals collected at random. Pollen fertility and size observations were also 
taken on these plants. In evaluating the pollen fertility the grains were stained 
in acetocarmine - glycerol (1 : 1). Over 100 grains were counted per specimen 
and grains taking up a deep stain were considered to be fertile. 


OBSERVATIONS 


Morphology 


The scrutiny of Tables l and 2 indicates some of the morphological 
diversities exhibited by the tetraploid race. The height of the plant 
and total number of leaves or leaflets on the stem in the tetraploid 
race did not exhibit any remarkable deviation from the diploid. 
Leaflets were, however, significantly larger in the tetraploid and were 
also more heavy and green. The size of epidermal cells and stomata 
was increased in tetraploids and hence it could be used as a reliable 
criterion for the comparison of the two taxa. The two variants showed 
appreciable differences in the size of guard cells, stomatal apertures, 
and pollen grains (Table 1 and Fig. 1). Pollen fertility in the tetra- 
ploid race was only slightly less than in the diploid (Table 1). 


Tasre 1. Measurements of vegetative parts, stomata and pollen grains 
in mm, ov in avbitvary units (U). 


Characters Diploid Tetraploid 
Length of leaflets 15 mm 28 mm 
Breadth of leaflets 8 mm 12 mm 
Length of guard cells 20 U 26 U 
Breadth of guard cells 6 U 10 U 
Pollen size 26 U do U 
Pollen fertility LOOR 96 % 


nn 


It may be stated that the tetraploid exhibited an overall gigas 
appearence as compared to the diploid. Similar size relationships of 
_ natural polyploid forms have been recorded by MALIK (1960), MALIK 
& TANDON (1959), MEHRA & MALIK (1960), MORE & LINDSAY (1953), 
SMITH (1946), and TANDON & Marik (1960). 
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Flowers in both the taxa formed typical axillary or terminal 
racemes and the tetraploid possessed distinctly larger flowers (Fig. I). 
The diploïd individuals started flowering comparatively earlier than 
the tetraploids. Fruiting and seed setting was nearly the same in 
the two races. However, the seeds and fruits of tetraploids were 
conspicous by larger size (Fig. 1). 

A close survey indicated that the diploid is a predominant type 


in and around the plains of Delhi. 


Fig. L. Comparison for size of structures in the diploid (above) and in the tetra- 
ploid form (below). From left to right: Flowers, fruits and seeds; leaflets and 
pollen grains (X 740); epiderm with stomata and guard cells (X 750). 


CYTOLOGY 


As a rule, meiosis in the diploid was essentially normal. Pairing 
was regular and at metaphase -I, eleven bivalents were counted (Fig. 
2) which disjoined orderly in anaphase-I. Eleven chromosomes could 
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be distinctly seen at each pole (Fig. 2). Rarely cells with one to four 
laggards were also observed. 

In the tetraploid, meiosis was equally regular. The chromosomes 
paired normally into bivalents. At metaphase-I, 22 bivalents were 
counted in well scattered plates. Metaphase-I was neat and no uni- 
valent or multivalent configurations were observed. Anaphase-l 
was also regular, there being no incidence of laggardism, 22 chromo- 
somes were discerned at each pole (Fig. 2). Second metaphase and 
subsequent divisional stages were also regular and as a result normal 
pollen grains were produced. 


Fig. 2. Metaphase-I and anaphase-I of meiosis in pollen mother cells (X 1,000) 
the diploid (above) and the tetraploid (below). 


DISCUSSION 


Out of 140 species belonging to the genus Tephrosta only 36 have 
been investigated (DARLINGTON & Wyrie, 1955; FRAHM-LELIVELD, 
1957; MaAriK & TANDON, 1960). It will be observed that there are 3 
haploid numbers in the genus, the overall series being x — 11, 12 and 
16. Only two species, T. purpurea and T. villosa are known to run 
in polyploid races, and 7. purpurea is dibasic. Eleven seems to be 

the preponderant haploid number in most of the species. 
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TABLE 2. Measurements of floval organs and fruits in mm. 


Nd 


Character Diploid Tetraploid 
Length of pedicel 5.0 9.0 
Length of standard of corolla Jas 8.0 
Breadth of standard 6.0 7.5 
Length of keel 5.8 5.8 
Length of wing 6.0 1.5 
Length of ovary 6.0 7.0 
Length of style î 2.0 2.5 
Length of pod 40.0 66.0 
Breadth of pod 4.5 5.8 
Length of seed 4.5 6.0 


As a prelude to appropriate cyto-taxonomic evaluation of the two 
races of T. villosa and discussion of the nature of the polyploidy in the 
tetraploid taxon, it shall be helpful to compare the morphology 
of the two cytological races, which has already been described in 
Table 1 and 2. Both these forms conform to the general description 
given for the species 7. villosa by various authors (HookER, 1879; 
MAHESHWARI, 1957). However, there are several points which need 
mention. Specifically, tetraploids exhibited gigantism in most of the 
characters. The plants were more robust and stout with larger leaf- 
lets, flowers and pods in contrast to the diploid. The similarity in the 
gross morphological characters of the diploid and the tetraploid 
points towards the autopolyploid nature of the latter taxon. Ex- 
perience has shown that one should ordinarily expect multivalent 
pairing in autopolyploids. Meiosis in the tetraploid race, however, is 
characterized by bivalent formation. A good many instances are 
known where the tetraploid is morphologically indistinguishable from 
one of the parents (CLAUSEN, Keck & Hresey, 1945; Ur, 1952) and 
also, robust nature of the tetraploid does not necessarily point to- 
wards its autopolyploid nature. In a number of genera and species of 
Gramineae, autopolyploid plants are weak and inferior in comparison 
to their diploid progenitors (STEBBINS, 1949; SAKAI & SUZUKI, 1955). 
In this connection, it may be said that STEBBINS (1947) has clearly 
pointed out that allopolyploids are often more vigorous than their 
parents and have more competitive ability. On the basis of the pre- 
sent knowledge of the races of T. villosa, the suggestion of an allo- 


POLYPLOID TEPHROSIA- VILLOSA PERS. 175 


polyploid nature of the tetraploid race is quite plausible and consistent 
with observations in other species of flowering plants. 

Slight morphological distinctions in leaflets of the two races (Fig. 1) 
in conjunction with the rigid bivalent formation and high seed fertility 
of the tetraploid taxon are further indications towards its allopoly- 
ploid nature. The genetic relationship between the diploid and the 
tetraploid race is, however, unknown at present. They appear to be 
strongly isolated because no evidence of hybridization between the 
two races has been so far obtained in spite of meticulous searches in 
this direction. This is an important attribute of a good species. It is 
quite likely that the two forms may be distinct taxa. To elaborate 
this point it is much to be desired that thorough systematic and ex- 
perimental studies of the two races are undertaken. 


SUMMARY 


1. The cytological analysis of morphological variants in 7. villosa 
Pers. revealed the existence of intra-specific polyploidy with distinct 
diploid and tetraploid races. 

2. In diploids as well as in tetraploids, the meiosis was normal 
and 11 and 22 bivalents respectively were counted at metaphase-I. 

3. The tetraploid individuals exhibited gigantism in most of the 
characters as compared to the diploid taxon. 

4. It is suggested that the tetraploid race may be an allopolyploid. 
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INTRODUCTION 


Theoretical studies on inbreeding are numerous. For at least 
fourty years mathematicians and geneticists have devoted much 
work and time to purely formal discussions, taking into consideration 
all possible systems of reproduction by inbreeding. Such are the pa- 
pers of HALDANE (1936), the “Theory of Inbreeding’’ of FISHER (1949), 


1) Present address: Laboratoire de Génétique Générale et Centre National 
de Radiobiologie et de Génétique, Institut Agronomique de l'Université, Hé- 
verlé — Louvain. Belgium. 
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and more recently the papers of REEVE (1957) and REEVE & GOWER 
(1958). These theories are all constructed on the classical postulates 
of Mendelian inheritance and dominance theory. 

However, the discovery of single gene mutations in corn inbred 
lines which produce heterotic effects (JoNEs, 1945), and similar fin- 
dings in barley by GUSTAFSSON (1946, 1947) have given a revival 
of interest to the original idea of EasT (1908) and G. H. SHurr (1914) 
who suggested that heterozygosis itself produces an increase of vigour 
[see also RASMUSSON (1934) and East (1936)]. The notion of “over- 
dominance’’ was created by Hurr (1946) to explain this “abnormal’’ 
behaviour, and LERNER (1954, 1958) defending brilliantly the theory 
of hybrid vigour produced by heterozygosity per se, integrated it 
into modern genetic thought. 

A. F. Srurr (1912) himself wrote that “heterosis (was) the result 
of interaction between mendelian genes and the egg-cytoplasm’’ and 
so stressed without ambiguity the role of the cytoplasm in hybrid 
vigour, and consequently in the opposite phenomenon, i.e. loss of 
vigour by inbreeding. Still there are, as far as we know, no studies 
on a possible role of cytoplasm in inbreeding. Recent results (LiNTs, 
1960) have shown, on the one hand, the importance of the cytoplasm 
for developmental speed and for the expression of various traits 
related to fitness, such as viability, size and fecundity, in hetero- 
zygotes as well as in homozygotes; on the other hand, the study of 
inbreds appeared to be a promising line of research in the light of a 
hypothesis invoking changing nucleo-cytoplasmic relationships during 
the course of inbreeding. 

This influence of the cytoplasm could only be demonstrated by a 
systematic comparison of reciprocal cross products of Drosophila in a 
large array of environmental conditions including different tempe- 
ratures and different culture mediums. Such conditions were applied 
to different inbred lines and on their reciprocal cross products; this 
paper reports the results of these experiments. 


MATERIAL AND METHODS 
Ll. Strains 


A wild type was caught in Gabarros (Spain). In the Fi ten males 
and ten females, descended from a single female, were mated by 
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single pairs. The ten created strains, called Gabarros 1 to Gabarros 
10 were reproduced by brother-sister mating during a certain number 
of generations. A control line (C line) was established by mass-mating. 
After 22 generations of inbreeding 3 of the 10 original strains were lost 
because of a considerable decrease in fecundity. In a first experiment 
the F23 was used, whilst in a second and in a third we used the F4. 


2. Culture methods. 


Different culture media were used: a first one is the classical corn- 
meal-molasses-agar medium fortified with dried yeast (standard or 
live medium). In a second case the flies were reared on a chemically 
defined, aseptic medium, prepared following the technique first used 
by SANG (1956). This particular synthetic medium (Sang-medium), 
according to ROBERTSON (1957), allows flies to grow to their full 
size, while the developmental period is only a little longer than on the 
usual live medium. Moreover, this synthetic medium technique en- 
ables one to obtain, by diminishing the proportion of particular con- 
stituents, sub-optimal, well-defined, and homogeneous environments. 
Such a sub-optimal composition was used, namely a medium where 
all the vital constituents, proportionally to the agar-gel, were reduced 
to one half (50% Sang-medium or, in short 50% medium). Also, 
5%, 4%, 3%, and 2% Casein media were used (a 5.5% casein con- 
centration in agar-gel is optimal). 

The following temperatures were used: 18°C, 22°C, 25°C and 30°C. 
The 25°C room was the only one with a + 0.1°C accuracy. In order 
to obtain the considerable amount of eggs required for each cross 
in a given experiment, 500 to 700 virgin flies, well fed during a 
previous 48-hour period, were transferred in a 3 to 4 bottle series, 
and allowed to lay during a 4 to 6 hour period on an agar-acetic-acid 
medium and at a constant temperature of 25°C. To avoid crowding 
in the cultures a constant and relatively small number of eggs have 
been set up in each culture tube, namely: 50 eggs/tube on the classical 
live medium and-40 eggs/tube on the synthetic medium. SANG (1956) 
demonstrated for the latter case a maximal percentage of survival 
while the larval developmental period is minimal. For each cross, 
each medium and each temperature, five replicates were made. 
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3. Measurements 


Viability is recorded, either as percentage males, percentage females 
and total percentage of adult flies hatching from each initial sample 
of 40 or 50 eggs, or, when the homogeneity between replicates is 
assured by adequate F values (variance ratio; SNEDECOR, 1946), by 
the percentage of adult flies hatching from each initial sample of 200 
or 250 eggs, according to the medium used. Duration of development 
was timed by counting the emergence of adult males and females, 
twice daily. The measurements of thorax length (for size), from the 
anterior end of the mesonotum to the posterior end of the scutellum, 
were always made by the same person, in the manner described by 
ROBERTSON & REEVE (1952) and expressed in arbitrary micrometer 
units, where one unit is equal to 0.0158 mm. 

For the purpose of statistical treatment, and following ROBERTSON's 
advice, some transformations have been applied to the raw data, 
as follows: the viability percentage was transformed into degrees 
in view of a normalization of the distribution; the development time, 
in days, was transformed into natural logarithms x 100; the size 
was expressed by 100 (3 In. thoracic length — 12.00) which can be 
taken as a suitable measure of the volume of the fly. 


RESULTS 


1. Comparison of the inbred lines. 


The results for viability, size and development time are given in 
Table 1 for some of the inbred lines tested, at different temperatures 
(30°, 25° and 18°C) and under various culture conditions, namely in 
standard medium, in 50% Sang-medium, and in 2% casein medium 
(Fig. 1 for size and development time). 

The differences between inbred lines are numerous and evident !). 
Gab. 4 and Gab. 8, for instance, are highly significantly different for 
size (P < 0.001) at the three different temperatures and in the three 
different media used; this is true also for the development time ex- 


1) To test the differences between the means of the two samples Student's 
“t-test was used (STIMPSON, Roe & LEWONTIN, 1960). For development time 
the number of degrees of freedom was generally of the order of 150-200, N 
approximating 75-100; for size, d.f.: 80-100; for viability, d.f. :4. 
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TABLE 1. Viability, size and development time of inbrved lines: C — Gabarros Con- 
trol, 2 — Gab. 2, 4 —= Gab. 4, B = Gab. 8, tested on Standard Medium (ST), 50% 
Sang-Medium (50% S) and 2% Casein Medium (2% C). The data ave given in 
coded values (see Material and Methods). 
mmm 


Medium and strain 18°C 25°C 30°C 
Viability Tse EK +] 
SL © GROND OLEN 20 Ome 68 
2 41.2 1:77 45.7 2.91 50.4 2.48 
4 Sl.2r 3:59 Een Eel) 48.2 1.83 
8 981200 tte MGE 58.1 3.20 
20% CG 6e ORS:5S MES: 85 — 
4 447 3.75 41.0 4.37 == 
8 DOM Ze) 58.4 4.77 en 
PG G Ziller r3 30 GORE OrES — 
4 47.9 VAER 45.0 9.75 — 
8 DG ne 418 — — 
Size 
TS G SIEN PEACH 73.56 1.09 63.02 1.43 
7 80.49 1.46 J5:867* 0:92 63:02 0.80 
4 AE 1.61 Mee) OREN 66.57 0.94 
8 ZEG 0598 SEO Ss CRES 45.45 0.81 
s0%S C 49.44 1.18 42.94 _ 1.06 — 
4 56.80 0.93 ABB 21:02 == 
8 Sobbe ONS 21.83 1.38 — 
2950 C 38.92 1.38 So 1.48 — 
4 35.56 578! 36.30 1.55 — 
8 45.73 1.55 16.00 LS) — 
Development time 
Di G 259.1 0.43 213hle 10:60 WOII ORS 
2 272.8 1.15 20:88 2067 1699 
4 203 lee 0,50 Zi 20 200.7 _ 0.47 
8 264.8 0.32 2149 0.45 IO ORS 
BOS CG 287.4 0.54 238,9 0:83 — 
4 288.2 0.62 240.3 0.78 — 
8 2907 0:58 239.7 0.88 — 
20C G Sheik 26108 0:88 — 
4 322.6 1.00 278.1 1.04 ee 
8 288.6 0.58 260.3 0.65 — 
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n 
hee | 


100(ln.thoracic length -1200) 


100 In. days 


18 25 30 18 25 18 25°C 


Life Medium 50% Medium 2% Casein Medium 


Fig. 1. Size [in micrometer units and in 100 (3 In. thoracic length — 12.00)} and 

development time (in days and in 100 In. days) for the Gab. 1, Gab. 2, Gab. 4, 

Gab. 8 inbred lines and for the Control line, at 30°, 25°, 18°C in live medium, 
50% medium and 2% Casein medium. 
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cept at 25°C in standard medium and in 50% medium, where the 
difference is not significant. Gab. 2 and Gab. 8, in standard medium 
and at the three temperatures used, are highly significantly different 
for size and development time. The picture for the viability results 
is not at all as clear; this is presumably due to the high variance 
between the replicates and to their insufficient number; indeed in the 
experiment of live medium, where, exceptionally, ten replicates were 
made, the variance is much lower than in 50% medium and 2% casein 
medium experiments where only five replicates were utilized. This 
higher variance might, in part, be due to the suboptimal conditions. 
Nevertheless there are some significant differences between lines, 
namely between Gab. 2 and Gab. 8 on live medium for 25°C and 18°C, 
between Gab. 4 and Gab. 8 on live medium for 30°C; on 50% medium 
for 25°C; on 2% Cas. medium for 18°C. 

The differences between inbred lines and the C line, originated, as 
remembered, from the same female as the inbred lines by mass- 
mating, are equally numerous (Fig. 1). Development time of the 
inbreds is in all cases longer than that of the control, except for Gab. 
8 on 2% Casein medium where the reverse is true. Regarding size, 
Gab. 8 is, in general, smaller than C, again except for 2% Casein 
medium at 18°C. Gab. 4, however, is larger or smaller than C depen- 
ding on medium and temperature in an irregular fashion. For the 
viability results there are also significant differences between the 
C and the inbred lines, but never does the viability of an inbred line 
exceed significantly the C line values. 

In these preliminary experiments the C line and the inbred lines 
were submitted to two different environmental factors: temperature 
and food conditions. It is interesting to note the similarities as well as 
the dissimilarities in the effects of the two factors. Temperatures 
lower than 25°, and, of course, suboptimal media, can be considered 
as disadvantageous for Drosophila melanogaster. From Fig. 1 it ap- 
pears clearly that with a decrease in temperature, from 25° to 18°C, 
the size of the flies increases as well as development time. On the other 
hand, within an increasingly suboptimal range of food conditions a 
similar increases of development time is evidently accompanied by a 
decrease in size. So, two apparently similar disadvantageous external 
factors have the same effects on the development times of inbred 
lines, but opposite effects on the size of these inbreds. These inverted 
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relationships are expressed by two correlation coefficients, whose 
values are —0.47 (P < 0.10; df.: 15) in the case of temperature 
differences, and —+0.59 (0.01 < P < 0.05; d.f.: 10) in the case of 
medium differences. The fact that both coefficients are of a different 
sign means simply that the correlation between development time 
and size is a spurious one, in other words, that their is no indication 
of a general mutual dependency of both variables. 

It is further interesting to compare the measured mean values of 
the inbred lines at 25° and 18°C. These comparisons are given in 
Table 2. 

While development time and size are significantly different at 
25° and 18°C, the mean viability of the inbred strains tested is identical 
at 25° and 18°C. It is of interest to note that the variability of the 
lines tested, as indicated by the mean variance and the mean of the 
average deviations is not different at 25° and 18°C; dividing the vari- 
ances by the size to obtain the variance per unit of size, shows their 


TABLE 2. Relations of some observed and calculated values at 25° and 18°C ve- 
spectively. The mean deviation development time and the mean deviation size 
vepvesent the mean of the differences between the observed values of development 
time and size at the temperature considered in the live medium and the observed 
values of development time and size at the same temperature in the 50% medium 
and the 2% Casein medium. Viability, development time and size are given, ve- 
spectively, in per cent survival, days, and micrometer units, while the corvelations 
and variances are calculated from the transformed values (see Material and Methods) 


25 G 18°C 
Viability 58.0 + 5.2 595 + 4.7 
Development time +) 8.62 —+ 0.06 14.11 —+ 0.20 
rdvt.t./mean deviation dvt.t. (d.f.: 6) 0.359 —0.396 . 
Size 4) 68.83 —+ 0.46 71.02 + 0.39 
Mean variance 40.16 + 11.7 39.10 — 10.0 
Mean variance per unit of size 0.59 + 0.17 0.50 —+& 0.12 
Tsize/mean deviation size (d.f.: 7) 0.242 OLE) 
Mean of mean deviation 8.22 + 0.30 8.32 + 0.47 
Tsize/dvt.time (df. : 6) 0.266 0.338 
rsize/o size t) (AAL) 0.386 0.954 kie) 


REN Se tt TT et 
t) The difference between 25° and 18°C is significant. 
“OOPS PSOE 
IDO 
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equivalence at 25° and 18°C. Finally it will be noted that the corre- 
lation between the size of the inbred lines tested and the total variance 
of that size is significant at 18°C (P < 0.01), while it is not at 25°C: 
the difference between the two correlation coefficients is significant 
beyond the 0.01 level. These results will be discussed below. 


2. The reciprocal crosses. 


From the comparison of the inbred lines in the first experiment, the 
lines Gab. 2, Gab. 4 and Gab. 8 appeared as the most interesting 
(Fig. 1) because of the real divergence between each other and with 
the control line. In a second experiment all the possible combinations 
between C, Gab. 2, Gab. 4 and Gab. 8 were made in the two ways. 
For technical reasons, data could only be gathered for 25° and 18° 
flies. 

Besides the differences between the C line, Gab. 2, Gab. 4 and 
Gab. 8 which are qualitatively concordant with the recorded differ- 
ences in the first experiment, the differences between reciprocal 
crosses are numerous (Table 3). The non-constancy of these differ- 
ences at 25° versus 18° and vice-versa is a no less remarkable feature 
than the differences themselves. For size we notice that C x Gab. 2 1) 
is always different 2) from Gab. 2 x C, the same is true for C x Gab. 
8 and Gab. 8 x C; Gab. 2 x Gab. 8 is different from Gab. 8 x Gab. 2 
at 18°, but not at 25°; the same is true for Gab. 2 x Gab. 4 and Gab. 
4 x Gab. 2. For the development time, Gab. 2 Xx Gab. 8 differs from 
Gab. 8 X Gab. 2 and C Xx Gab. 8 from Gab. 8 Xx C at 25°, not at 
18°; it is the reverse for C Xx Gab. 2 and Gab. 2 x C. For the viability, 
the remarks already made with regard to the first experiment are 
again valid. However, some significant reciprocal differences exist, 
such as between C x Gab. 8 and Gab. 8 x Cat 25° (0.02 < P < 0.05) 
between C x Gab. 2 and Gab. 2 x C at 25°, and between Gab. 2 Xx 
Gab. 4 and Gab. 4 x Gab. 2at 25° and 18°. 

The hybrids tested in this experiment were, with a few exceptions, 
always superior to the parental inbred lines and, in general, not very 
different from the Control line. It is possible to separate these hybrids 


1) The female parent always preceeds the male one. 
2) All the quoted differences are statistically significant beyond the 0.001 
level; the exceptions are noted. 


186 BeASLINTS 


TaBre 3. Viability, size and development time of homozygotes and hybvids between 
the C line, Gab. 2, Gab. 4 and Gab. 8. The data ave given in coded values. 


Strain Vaability Size Develop 
and temperature time 
[El ES El 
Ch 25° Dode 0 69.5 WZ 2154 04 
18° 66.1 4.1 83.8.” 0:8 2666022 
Ze 25° SOS 68.9 1.0 221 ROES 
18° UAR Ke! TEEN NO, 2749 03 
8: 25° 69,1 3.0 el eee 216.30 
18° 60.9 4.3 6921 0.7 268.0 0.3 
4: 250 42:95 9357 68.5 0.9 22090 
18° 582 mers: 0 81.3 1.2 269.5 _-0.5 
De 0e Zok 64.9 1e 68 O6 21 IOS 
18° 6808720 TER SOE 2682 0.3 
BZ 200 64.0 2.5 67.8 0.6 216.1 0.4 
WE 69.4 2.1 ZO 208 267.3 0.3 
CRISE 656 Sr: 65 0i6 213.6° »'O3 
Ien 61.5 9.4 146 G:7 263.8 _ 0.3 
SENT R ZO 53.1 2.3 AA 09 215: 05 
18° 08:87 126 PASEN DAS 2639: 1018 
CHR ZERO ORS 64.8 1.3 2V7E5 05 
18° GEIT VAER WOS 265.7 03 
DANE 462 5.9 72.8 Hd: 21627 PR0E5 
18° 64,5 3.0 82.20 O:8 2667 0.4 
DEE R ZOE — 74 Te tOr == 
188 == 8l.4 «0.9 — 
INS — TO 08 = 
18° > 82.0 0.8 — 
BEKER ZO — — 214,0 0.2 
18° e= — 2643 0.2 
STAN 20 —- — 217.8 0.6 
18 a — 265.3 0.5 


in two groups: the one including the hybrids of which one of the pa- 
rents is the Control and the other an inbred line (group I), the other 
the hybrids resulting from a cross between two of the inbred lines 
tested (group II). The mean viability, development time and size 
of these two groups (Table 4) were compared at 25° and at 18°C: 
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TABLE 4. Mean viability, development time and size of the hybrids of which one 
of the parents is the Control and the other parent an inbred line (Group I), of the 
hybrids resulting from a cross between two inbrved lines (Group II), and of the Con- 
trols. Viability, development time and size ave presented, in per cent survival, days 


and micrometer units vespectively 
zee (ONE ee 
Measures Le é Ĳ II Control 
Viability 25° 70.57 + 4.35 75.65 + 4.71 6952 
18° 78.25 + 2.59 75.70 + 4.69 83.6 
Development Time 255 8.69 + 0.05 8.74 + 0.06 8.62 
Kela 14.14 + 0.06 14.30 + 0.12 14.38 
Size 25° 69.15 +-0.38 69.08 + 0.20 68.84 
He 71.44 + 0.23 7149 + 0.25 2520 


not a single significant difference exists between these two groups. 
This fact calls for two important remarks: first, these hybrids show 
a remarkably poor heterosis 1), if any, with respect to the C line; 
secondly, nor the dominance theory, nor the heterozygosis-per-se 
theory accounts for the complete identity in size, development time 
and viability as well, of these two hybrid groups. Indeed the do- 
minance theory relies upon the observed correlation between inbree- 
ding and detrimental effects due to recessiveness and attributes the 
increased vigour of heterozygosity to the covering of deleterious 
recessive factors by their dominant alleles. This could perhaps account 
for an identity between the C line and group II, but not for an equiva- 
lence between the C line and group I, and surely not for an identity 
of group I and II of hybrids. The alternative hypothesis, the over- 
dominance theory, assumes that heterozygosity-per-se is important, 
and this again could perhaps account for an identity of the C line and 
group II, but not of the C line and group 1, the amount of hetero- 
zygosity being expected to be smaller in group 1 than in group II. 

We may compare, on the one hand, crosses between two inbred 
lines which have been shown to be divergent the one from the other, 
with crosses between convergent inbred lines, and, on the other hand, 


1) DoBzHANsKY (1950) proposed to distinguish in heterosis between “euhe- 
terosis”’ and “luxuriance”’, respectively, for increased selective advantage and 
for mere non-adaptive increase in size. In these terms our data deal probably 


entirely with luxuriance. 
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crosses between the C line and a divergent inbred line with crosses 
between the C line and a convergent inbred line. Gab. 4 and Gab. 2 
have (Fig. 1 and Table 3) similar sizes, while Gab. 8 and Gab. 2 have 
very different sizes. The reciprocals 2 x 8/8 x 2 are significantly 
inferior in size to the C line, while the 4 x 2/2 x 4 are almost equal 
to C. — 2 Xx 4 however is superior to C at 25° —; the mean size of the 
2 X 4/4 X 2 is significantly superior to the one of 8 x 2/2 x 8. The 
same is true for the C x 2/2 x C versus the C x 8/8 x C. Of course 
increase in body size cannot be considered in every case as an adapt- 
ively superior change, but it should be noted that in this particular 
case the attained body size of the hybrids is in no way highly different 
to the one of the C line, and further that the same relation between 
a primary divergence of parental values and an increase of that value 
after hybridization can be shown for development time; indeed the 
mean development time of the C x 8/8 x Cis significantly inferior 
to the mean development time of the C x 2/2 x C, at 25° and 18°: 
the parental development time of the C line and the Gab. 8 line is 
not different, while there is a highly significant difference between 
the parental development time of the C line and the Gab. 2 line (fig. 1 
— table 3); the same is true at 18° for the 4 x 8/8 x 4versusthe 2 x 8/ 
8 

At this point it seems as if we come close to DOBZHANSKY's theory 
of “integrated systems of polygenes”’. Indeed, this theory assumes 
that the adaptive value of the heterozygotes for certain inversions 
is superior to the one of the homozygotes for these inversions, but 
only in the case that the constituent genetic material of the hybrids 
is derived from the same population, or from populations of near 
localities (DOBZHANSKY, 1952). Now, one can venture to see in two 
divergent inbred lines two distant populations and in two convergent 
lines two adjacent ones. Crossing would lead in the last case to 
heterosis and to breakdown of the “integrated system” in the first. 

However, for this theory the “integrated gene pool” is the result 
of adaptation of a population under the pressure of natural selection: 
this is, of course, unconceivable under the circumstances of our ex- 
periments where the inbreeding pressure narrows any kind of adaptive 
possibilities, especially those which are claimed to be provoked by 
heterozygosis. We will discuss an alternative hypothesis in a later 
paragraph. 
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TABLE 5. Correlations between the development time 
of the hybrids and the male or female parental de- 


velopment time. Each figure is based on 1r degrees of 


freedom 
ete en 
°C Hybrid/? parent Hybrid/4 parent 
30° 0.607 +) —0.058 
25° 0.079 0.533 
2e 0.618 +) 0.233 
18° 0.648 f) 0.038 


t) 0.01 < P < 0.05 


From now on, however, a few important points should be stressed 
(Table 5): (a) the development times of the hybrids are positively 
and significantly correlated with the development times of the female 
parent at 30°, 22° and 18°C; (b) there is no relation between hybrids 
and female parental development time at 25°C; (c) there is also no 
relation between hybrids and male parental development times. 


3. Comparison between the Inbred lines and the Hybrids. 


A third experiment (Fig. 2 and table 6) was undertaken which 
involved the C line, and Gab. 4 and Gab. 8 inbred lines. The following 
crosses were made: C Xx C, Gab. 4 X Gab. 4, Gab. 8 x Gab. 8, 
Gab. 4 x Gab. 8, Gab. 8 x Gab. 4 and reared at 25° and 18° under 
a series of decreasing suboptimal media, namely a 5%, 4%, 3%, 
2% Casein medium. Let us remember that 5.5% Casein is the optimal 
concentration. 

Once more the difference in behaviour between the Controls and 
the inbreds Gab. 8 and Gab. 4 as well as that between the reciprocal 
crosses 4 x 8/8 X 4 is noticed. A new point of interest, however, is 
the action of temperature, suboptimal media. and genetic structure 
on the size and development time of hybrids as compared with in- 
breds. 

Three factors appear to modify the relation between size and de- 
velopment time: temperature, medium and genotype. 

The effects of temperature are clear: decreasing temperature is 
… very regularly accompanied by an increase in size and by a lengthening 
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Fig. 2. Size [in micrometer units and in 100 (3 In. thoracic length — 12.00)] 

and development time (in days and in 100 In. days) for the Control line, the Gab. 

4 and Gab. 8 inbred lines, and the 4 x 8/8 x 4 reciprocals at 18° and 25°C, 
in a 5%,4%, 3% and 2% Casein medium series. 
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TABLE 6. Viability, size and development time of the Control line, Gab. 4 and Gab. 
8 inbred lines, and of the 4 Xx 8/8 x 4 veciprocals, at 25° and 18°C, under various 
suboptimal Casein medium conditions (5%, 4%, 3%, 2% Casein). The data ave 


given in coded values. 


Ee 0e - Gab. 8 x Gab. 4 x 
Control Gab. 5 
Med. Zn aided Gab. 4 Gab. 8 ik 
Viability LE] EA El LE iel 


2 0 97.4 11.6 Zonen 24 Ce TACMEAEE) …4.9 3.6 38.8 4.9 
4% OLO ed 69.7 10.6 ot 3.2 ee) Slet 
3% 98.7 3.4 Ber 2E) 42.9 1.0 49.0" 3.2 48.0 4.0 
2% 630 233 447 12 3B:61n317 447 5.5 44,7 4.7 


18° 5% 620R 5 384 8.1 49.6” 3:5 42.4 5.3 41.8 4,6 
4% AEN ns 43.0 3.5 47.6 5.5 47.3 43 SL 200255 
% 99.9 "3.4 RR Tanel 47. Oeerl sd 29.3 4.0 

2% 45.6 4,3 45.3 13.2 SE TE) 


Size 


255% 58.3 1.4 45.1 1.5 58.8 0.9 98.5 0.9 63.8 1,2 
4% o8.Zer del Ale2 1.4 DEE RROZ Blo ORS) DOEL 
3% Eh Re ea 0 9) Sl OE 48.6 1.0 59.2 0.9 943 1.1 
2/0 33.1 152 151 1.5 2 mel 349 1.3 349 1.6 


18° 5% 71.5 ke Dedel s6 67.4 0.9 Gls L2shne2 
4% 68.1 1.3 49.2 0.8 66-20 1.0 Ole 644 1.3 
3% 63.4 1.4 642,8 1.0 68.5 0.8 55.4 2.6 
2d SLECAE BUDEL 36.8 2.5 SE fe) 


Development time 


DA Zet 230 B ed Ar 23e 0.6 > 2304 0.5 2392" 1,0 
BIE ZL e 0.9 2362 A PSE LZP 237.07 0.9 "247,3" 1,0 
See OTT 2413 Tl "2450012487 0.5 2570 1.3 
20e “264107 260:6- 1.3 260:B 1.2. 2582 08 2747 09 


18° 5% 286.1 0.4 2883 08 2878 07 2856 0.5 292,4 0.7 
4%, 2883 0.5 2900 0.7 2889 0.5 2883 05 29e le 
OGER 010 2048 NOL 2040 WOZ SOS SLB 
2ionmo2dl 1.1 818:41 0:89 31820 0:68 
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of the development time. It is however important to note that, 
although there is generally under these conditions a good positive 
correlation between size and development time, this relationship 
shows up with much stronger evidence by correlating final size with 
size divided by the development time, te. with the average daily 
growth of the individuals or groups of individuals. This correlation 
between size and growth rate, throughout their temperature modifi- 
cations, turns out to be always negative and significant beyond the 
0.01 level. In order to increase the reliability of the results each re- 
plicate has been separately introduced as a unit of variation in these 
and in the following calculations. 

The concentration of Casein at given temperatures has equally 
pronounced effects on size and duration of development as tempera- 
ture. However, the variations of size provoked by this factor are now 
inversely related to the variations in duration of development, de- 
creasing sizes being accompanied by increasing durations, and vice 
versa. The correlation between size and speed of growth is positive 
and the significance always very much below the 0.01 level. 

The influence of genotype, on the size-development-time relation, 
te. the outerossed or inbred nature of the strains is more intricate. 
The differences are clearly shown in Table 7. Indeed, with the ex- 
ception of that obtained from the 5% Casein medium, the differences 
of the correlation coefficient between size and speed of growth 
for inbreds and hybrid is quite evident. Correlation is negative but 


TABLE 7. Correlations between size and speed of growth for the Gab. 8 and Gab. 4 

inbred lines (I), and for the hybrids Gab. 8 x Gab. 4 and Gab. 4 Xx Gab. 8 (II) 

at 25° and 18°C in four different suboptimal Casein media. Degrees of freedom ave 
given in brackeis. 


Medium ee EA 
1 II 1 II 
0% 0.268 (6) 0.466 (7) 0.809 f) (6) 0.919 Ft) (6) 
49, — 0.219 (6) 0.465 (7) =O:5ZN et (6) 40:977 AZ) 
3 — 0.544 CNR EZ, ORL (De 055 LO (7) 
2% — 0.848 4) (6) 0.970 tt) (7) 0.770 t) (7) 


NM 


f) 0.01 < P < 0.05 
1) P < 0.01 
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not significant for the inbreds, positive and generally significant for 
the hybrids at 25° and 18°C (Table 7). This means that, in hybrids 
and on the scale considered, which is in fact a relatively large one, 
increasing growth rate results in increased size. In other words luxu- 
riance for growth rate is accompanied by luxuriance for size. For 
inbreds, however, the same does not apply. The correlation between 
speed of growth and size is negative for the inbreds but not significant. 
This slight negative correlation might indicate that there exists a 
kind of balance effect between size and development time in inbreds. 
The result of inbreeding is analogous to the action of increasing 
temperature in so far that in both cases a decrease in size is accompa- 
nied by a decrease in development time. This means apparently that 
under the influence of temperature or breeding system among size 
and growth rate the latter trait is the more stabilized. 


DISCUSSION 


From the study of a number of inbred lines obtained from a single 
female and reproduced by brother-sister mating during a considerable 
number of generations, from the study of the reciprocal cross products 
between them, and from the comparison of inbreds versus hybrids in 
various conditions of temperature and larval diet, a certain number 
of important features concerning size and development time variations 
have been made evident. 

A first result is the extraordinary diversity among inbred lines, 
undoubtedly due for a large part to chromosomal variability present 
in the original two, perhaps three parents, and possibly, for a small 
part to subsequent mutation. A third source of variation among the 
inbred lines seems to be, as our results show, closely related to the 
female parent. Indeed a number of significant differences for viability, 
size and development time between reciprocal cross products between 
inbred lines, as well as between inbreds and controls, have been 
disclosed. Furthermore development times of hybrids are positively 
and significantly correlated with development times of the homo- 
zygous female parents, while no such correlation exists with the pa- 
ternal values. | 

In a previous paper (LiNTs, 1960) we have put forward a number 
__of reasons and facts which tend to attribute those effects in Droso- 
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plrila melanogaster to differences in cytoplasms, which only gradually, 
that is in the course of a number of generations, disappear under the 
influence of changed nuclei. At the same occasion we have shown 
that even a single gene change is capable of provoking such differen- 
ces in the cytoplasm. Finally, we were able to trace back differences 
in viabilities and developmental rates for particular nucleo-cyto- 
plasmic combinations just as it has been done by Spaas & HEuTsS 
(1958) for Salmonids, to the interaction of two different thermo- 
reactive rate systems, the first belonging to the nucleus, the second 
to the cytoplasm, both being from the same or from a different 
origin. These thermoreactive developmental rates were defined as 
“nuclear acceleration line” and “cytoplasmic acceleration curve”. 
According to this view viabilities and developmental rates of hybrids 
can be directly deduced from a specific “nuclear acceleration rate’ 
combined to the maternal “cytoplasmic rate”. The nuclear rate for 
hybrids seems to be specific, probably as a result of interactions 
between parental genomes. The ARRHENIUS constant!) has been 
calculated for some of the inbred lines and of the crosses tested in 
this experiment (Table 8) and the results are in good concordance 
with those already found (Lints, 1960). The control has the second 
lowest value, followed by the constants of the hybrids. The exception- 


TABLE 8. Constants of ARRHENIUS 


Strain Constant 
Control 2.883 
Control X Gab. 8 2,187 
Gab. 8 x Gab. 4 5.243 
Gab. 8 x Gab. 2 7.555 
Control X Gab. 2 10.181 
Gab. 4 6.573 
Gab. 8 9.253 
Gab. 2 12.779 


1) The ARRHENIUS constant, for which the formula is u=4.6 X (log ka — 
log ki/l/T, — 1/T2) (PRECHT, CHRISTOPHERSEN & HENSEL, 1955) has been 
used to express the slope of the nuclear acceleration line, i.e. the temperature 
dependance of the nuclear acceleration rate (LiNts, 1960). 


ele osn rn ne Se 


DIVERSITY BY INBREEDING IN DROSOPHILA 195 


al high value of the C x Gab. 2 hybrid is presumably due to the very 
high value of his Gab. 2 parent; the same remark is probably valid 
for the Gab. 8 x Gab. 2 hybrid as well. If, then, we are to interpret 
our actual data in the light of our previous discussion, the diversity 
between the inbred lines should be traced back to original chromo- 
somal variation distributed differentially among them, and inducing 
along with it cytoplasmic divergence. Interactions between diversified 
gene pools and cytoplasms lead, after a certain number of generations, 
and in lines proceeding from a same origin, to extremely different 
traits in these inbred lines. 

This theoretical scheme can explain as well the differences in the 
amount of heterosis between cross products of convergent and di- 
vergent inbred lines if the further hypothesis is made that a combi- 
nation of too widely different nuclear and cytoplasmic rates is dis- 
advantageous. Besides, the nuclear and cytoplasmic rate both being 
a function of temperature, but the cytoplasmic one being, in oppo- 
sition to the nuclear one, not a linear function of temperature, and 
probably not even a constant, it is easily understandable that a re- 
lation between two compared strains can be different following the 
point on the temperature scale where the relation is considered. 

We have indicated that the relation of maternal development time 
and hybrid development time was positively and significantly corre- 
lated, except at 25°C, which is generally considered as the optimum 
temperature for Drosophila melanogaster. The absence of relation 
at 25°C cannot be considered as an argument against the cytoplasmic 
action. Indeed it has been noticed many times that cytoplasmic 
differences show up in a more pronounced way in extreme external 
conditions. This is the case, for instance, for insufficient manuring 
and low temperatures combined with short days (MicHArLrs, 1935, 
1939), high temperature, long days and intense illumination (Fur- 
TAUER, 1940); extreme climatic conditions in interspecific Lycoperst- 
con hybrids (Lewis, 1952). This fact was confirmed for racial hybrids 
of Gasterosteus aculeatus in different salinity-temperature conditions 
(Heuts, 1956) and for intraspecific Drosophila hybrids under extreme 
temperature conditions (Lints, 1960). The purpose of a genetical 
experiment is to describe the individual physiological and genetical 
interactions leading to a given trait. The way to arrive at that result 


is not to reproduce in the laboratory the supposed “natural” condi- 
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tions and thus the supposed “natural” interactions, but to create 
new, artificial, in nature probably never encountered conditions, and 
to deduce from the resulting interactions the “natural” processes, 
which would never become evident nor even apparent without these 
artificially conditions created. 

Besides the diversity, and intrinsically connected with it, a second 
main result is the differential reaction of the flies to different in- 
fluences. 

The population used has been submitted to three different artificial 
conditions: temperature, food conditions and inbreeding. The effect 
of temperature on size and development time is the following: when 
temperature decreases, size and development time increase. A lengthe- 
ning of the development time is positively correlated with a parallel 
increase of size, but is accompanied by a decrease of the speed of 
growth, de. size divided by the development time. This corresponds 
probably to a slowing down of the individual metabolism with de- 
creasing temperature. 

Diminishing the quality of the larval diet at a given temperature 
has as effect an increase of the development time and as a corollary 
decrease of size. In this case it seems logical to suppose that the de- 
crease in size is determined by a less effective metabolism, for which 
at least one of the reasons is a lack of raw material, rather than by 
metabolic deceleration. 

A third artificial condition was inbreeding. After 24 generations 
of close inbreeding the mean viability of the different lines tested 
is equal at 18° and 25°C, the size is larger at 18° than at 25°C, while 
the development time is longer. Furthermore, at 18°C and not at 
25°C, the size is positively and significantly correlated with the vari- 
ance of the size and with the mean deviation of the size in different 
environments (see |. Comparison of inbred lines), but it is noteworthy 
that these variances and mean deviations are not different at 18° 
and at 25°C. If, on the one hand, a larger size is an indication of a bet- 
ter “adaptation” it must be concluded that 18°C is a “more adaptive” 
temperature than 25°C, but, on the other hand, if a higher stability 
is to be considered as a correlate of better “adaptation”, 18° and 
25°C are equally “adaptive temperatures”, since the variances and 
the deviations at these temperatures are equal. Finally, and for the 
same reasons, 18° and 25°C are also to be considered as equal from 
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the point of view of “adaptation” if a higher variability is to be identi- 
fied with a higher “adaptation’’. We surely do not wish to take po- 
sition about these alternative “explanations’”’ and we present them 
only to show how difficult and even impossible it is to discuss in terms 
of adaptation. As a matter of fact “adaptation” is an anthropomor- 
phic concept. Suffice it to note this paradoxical situation: viability, 
size variance, deviation of the size in diverse environmental con- 
ditions from the size in the optimal live medium, are equal at 18° and 
25°C, size is larger at 18°C, development time is shorter at 25°C; 
therefore the ecological niche of inbreds seems to be relatively large. 
A second important effect of inbreeding is shown by the existence 
in inbreds, in contrast to the hybrids, of a positive relation between 
size and development time (Table 7). In equal environmental con- 
ditions and on the average the size of the inbred lines is significantly 
smaller than the size of hybrid strains, while their development time 
is significantly longer. This might indicate that the metabolism of 
inbred strains is less effective than the one of the hybrids. On the 
other hand, the negative correlation between size and rate of growth 
within each inbred line for given environmental conditions would 
rather point — and this last relation is hardly comparable to the ef- 
fects of temperature — to a lower metabilic rate in inbreds. As a di- 
rective for further work, inbreds should be studied under two meta- 
bolic aspects, effectiveness and rate, both of which may be lowered. 
No conclusion about fitness of inbreds versus hybrids, or about 
fitness of a given nucleo-cytoplasmic combination can be reached at 
from this study. ROBERTSON (1957) has well shown that a reduced 
body size is accompanied by a lower rate of egg production. Egg 
production and fitness however might react quite differently to size 
variations when these are produced by different genetic, and probably 


physiologic, causalities. 
SUMMARY 


|. — Seven different inbred lines originated from a single wild female 
have been tested in various environmental conditions. 
2. — The inbred lines are shown to be largely different for size and 


development time as well as for viability. 
3. — Reciprocal crosses between these inbred lines, or between these 
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inbreds and a Control line are different for size, development 
time and viability in certain conditions of temperature and 
larval diet. The effects of temperature and larval diet on inbreds 
and hybrids are shown to be very different. 

4. — The causes of diversity among the inbred lines are thought to lie 
partly in nuclear, and partly in cytoplasmic differences. Certain 
aspects of interaction between these nuclear and cytoplasmic 
properties are considered, and their theoretical significance 
discussed. 
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1. INTRODUCTION 


The effect of polyploidy on sensitivity to radiations as measured by 
the frequency of chromosomal aberrations and deviation from the 
normal DNA content of cells was discussed in our earlier paper 
(BHASKARAN & SWAMINATHAN, 1960). Critical observations were 
also recorded on the survival, morphological characters, pollen and 
seed fertility of plants of the M; generation and on the frequency and 
types of mutations occurring in the Ma progenies in einkorn, emmer 
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and bread wheats and diploid and autotetraploid barley. The results 
are summarised and discussed in this paper. 


IL. MATERIAL AND METHODS 
Material: 

The species and varieties of diploid, tetraploid and hexaploid 
wheats and diploid and tetraploid barley and the mutagens used in 
the present study have already been described (BHASKARAN & 
SWAMINATHAN, 1960). 


Methods: 

For observations on germination and survival, dry seeds after 
treatment with the mutagens were germinated along with the controls 
in petridishes lined with wet filter paper. The seeds were allowed to 
germinate and grow at a temperature of 25 + 2°C. Growth measure- 
ments were taken on seven-day old seedlings along with the controls. 
Pollen fertility as measured by stainability in acetocarmine was 
calculated in some M; plants belonging to each treatment. Seed 
fertility was studied from the earheads of individual plants belonging 
to the M; generation by counting the total number of seeds per spike 
and calculating the average per spikelet. Readings from 3 spikes 
drawn at random were taken to estimate the seed fertility per plant. 
Wherever the seed fertility was very low, readings from all the spikes 
were taken. The chlorophyll mutation frequency in the Ma generation 
of wheats and diploid and tetraploid barley treated with X-rays and 
thermal neutrons were scored using the system of GUSTAFSSON (1940). 
The seeds were sown in pots as well as in the field. Selfed seeds of 
control plants were also sown to see whether any mutations occurred 
in them. For studying the frequency and types of mutations occurring 
in the Mz generation, seeds of individual plant progenies were sown 


separately. 


III. EXPERIMENTAL RESULTS 


A. Effect of mutagens on germimation and growth: 
(a) X-rays: Data relating to the effect of the different dosages of 
X-rays on germination in 2x, 4x and 6x wheats and 2x and 4x barley 
is given in Table 1. From the data, it will be seen that there is generally 


202 S. BHASKARAN AND M. S. SWAMINATHAN, POLYPLOIDY AND 


TABLE 1. Germination percentages of diploid, tetraploid and hexaploïid wheats and 
diploid and tetvaploid barley tveated with different dosages of X-vays 


Percentage of germination in 


Dosage in 
1000 r 2x wheat 4x wheat 6x wheat 2x barley 4x barley 
Control 98 100 100 100 100 
5 100 100 100 100 100 
10 92 92 100 100 100 
15 92 92 96 96 100 
20 84 76 88 96 100 
25 80 76 90 96 96 
30 74 68 80 90 98 
85 52 68 12 84 90 
40 42 60 58 76 80 
45 40 52 52 66 70 
50 34 42 40 40 60 


a decrease in germination percentage with an increase in dosage. In 
wheat, the 4x and 6x species showed more or less identical radio- 
sensitivity as measured by survival while in barley, the 4x plants 
showed better survival than the diploid at 50,000r. The height of 
seedlings was measured when they were 7 days old and the data 
showed that beyond a dose of 25,000 r there was a depression in growth 
in all the species. The extent of depression was more in 2x wheat 
and 2x barley in comparison with 4x and 6x wheat and 4x barley. 

(b) Fast neutrons: Germination percentages observed in 2x, 4x and 
6x wheats and 2x and 4x barley treated with 3 different dosages of 
fast neutrons are given in Table 2. Germination was very much af- 
fected in 2x and 4x wheats while there was practically no inhibition 
of germination in 6x wheat. In barley, the diploid had a slightly 
superior survival. Height measurements of 7 day old seedlings showed 
that 2x and 4x wheats were drastically affected while 6x wheat and 2x 
and 4x barley did not show any significant reduction in growth. 


TABLE 2. Germination percentages of diploïd, tetraploïid and hexaploid wheats 


and diploid and tetvaploid barley treated with different dosages of fast-neutrons 


APE EE ee et ed 
Percentage germination in 


Dosage 
2x wheat 4x wheat 6x wheat 2x barley 4x barley 
Control 96 96 100 100 100 
3 hours 76 ie 100 84 70 
5 hours 28 48 100 76 56 
6 hours 20 48 96 72 60 
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(c) X-ray — Neutron comparison: In order to ascertain the com- 
parative effect of different doses of X-rays and Fast neutrons on 
survival in 2x, 4x and 6x wheats, seeds were irradiated with 4 different 
doses of Fast neutrons and 4 dosages of X-rays. They were germinated 
under identical conditions at the same time and the percentage of 


PERCENTAGE OF SURVIVAL 
LS} 
(cm) 
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Text Fig. 1. Histogram showing the percentage of survival of seedlings (data 
collected 14 days after germination) of 2x, 4x and 6x wheats exposed to different 
doses of X-rays and Fast Neutrons. 
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survival of seedlings was calculated 7 days after germination. The 
data are given in Text Fig. 1. It can be seen from this data that the 
superior radioresistance of polyploids as regards survival is more 
evident with Neutron radiation. 


B. Effect of irradiation on morphological characters and seed fertility. 


(a) Morphological changes in My generation: 

Some morphological changes in M; generation in the irradiated 
wheat and barley were obtained. The changes observed were grass- 
clump plants and chimeras. In 7. aestivum treated with fast neutrons 
for 6 hours, 2 grass clump plants were obtained. The plants presented 
a xerophytic appearance, with thick, deep green leaves and late in the 
season a few tillers which bore earheads came out. 

One plant in diploid barley treated with fast neutrons for 3 hours 
was a chimera with one of the tillers showing alternate white and green 
stripes on the leaves. The pollen fertility of this tiller was 76% while 

the other tillers showed a fertility of 78.3. 

A few chimeras related to earhead characteristics were obtained 
in M; generation of 7. aestivwm (var. C 591) treated with ultraviolet + 
11,000 r of X-rays. The various types observed were: normal — speltoid 
— compactoid; normal-compactoid; speltoid-compactoid and fully 
awned-long tipped. The cytological and breeding behaviour of these 
plants are discussed separately. 


(b) Pollen fertility: 

Pollen fertility of 4x and 6x wheats and 2x and 4x barley treated 
with 3 different dosages of fast neutrons was determined by the 
acetocarmine stainability method. The respective controls were also 
included in the study. 

From the data given in Table 3, it will be seen that pollen fertility 
was reduced in the irradiated material particularly at higher dosages. 
In 4x wheat there was no appreciable reduction at 3 and 5 hours 
treatment while in 6x wheat the fertility decreased with an increase 
in dosage. In barley series also the fertility dropped in the irradiated 
material. In control 4x barley, the percentage fertility was not high 
and this was not further reduced in the 3-hour treatment with fast 
neutrons. Higher dosages reduced the fertility but there was no 
difference in the reduction between the 5- and 6- hour treatments. 
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TABLE 3. Pollen fertility of tetraploid and hexaploid wheats and diploid and 
tetraploid barley treated with various dosages of fast neutrons 


Dn 


Wte Treatment Le Fertile Sterile 
gin in hours Pon grains grains dd 
grains 3 
T.dicoccum ®) 225 213 182 94,6 
3 183 170 JS} 92.8 
5 156 143 13 91.6 
6 205 166 39 80.9 
T.aestivum ©) 163 LD 6 96.3 
à 150 138 (2 92.0 
5 125 106 19 84.8 
6 110 86 24 78.1 
H vulgare(2x) €) 106 98 8 92.4 
3 98 81 17 82.6 
5 128 98 30 76.5 
6 (ES 79 34 70.0 
H.vulgave(4x) ie) 88 65 23 13.8 
3 93 71 22 Ens 
b5) 95 56 oe) 58.9 
6 112 67 45 99.8 


(c) Seed fertility: 

Seed fertility of 2x, 4x and 6x wheats and 2x and 4x barley was 
estimated in the respective controls and irradiated material. Ear- 
heads of individual plants were collected and the number of seeds set 
per spikelet was calculated on the basis of the readings taken on at 
least 2 spikes per plant. Fertility of the plants which showed high 
sterility, was estimated by counting all the spikes in the plant. The 
data are given in Table 4. 

From the data it is seen that all the wheats are not equally sensitive 
to X-radiation, when seed fertility is taken as an index of radio- 
sensitivity. Diploid wheat registered 2.7% increase over the control 
and hexaploid wheat showed a rise of 19.4%, over its control while the 
treatment with X-rays reduced the fertility in tetraploid wheat by 
5%. However, 2x wheat showed a reduction of 10.96%, in the 16,000 r 
X-ray treatment. In 2x and 6x wheats again some plant progenies 
showed a higher seed set compared to the highest in the respective 
controls and this-is evident from column 4 of Table 4. In 4x wheat no 
such highly fertile plants were recorded. The maximum seed fertility 
in X-ray treated plant progenies of 6x wheat was 4.88 seeds per 
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Tanre 4. Seed fertility of controls and irradiated diploïd, tetraploid and hexaploid 
wheats and diploid and autotetraploid barley. 


No.of Seeds per Average No. of % increase 
Material Treatment proge- spikelet seeds per spikelet or decrease 
nies Range + S.E. over control 
T.monoco- … Control 6 _ 061-082 0:23 + 0.108 
CCum N-rays 
11000 r 18 0.43-0.88 0.75 + 0.083 + 2.7 
16000 r 18 0.47-0.82 0.65 + 0.026 — 10.96 
T.dicoccum Control 7 2.15-2.66 2.40 + 0.239 
N-rays 
11000 r 74 1.72-2.66 2.28 + 0.237 — 5.0 
Thermal 41 1.50-2.52 2.13 + 0.049 — 11.25 
neutrons 
T.aestivum Control 10 2.853.550 3.24 + 0.066 
N-rays 
11000 r 72 2.49-4.88 3.87 + 0.181 + 19.4 
Thermal 24 2.43-3.96 3.20 + 0.075 — 1.3 
neutrons 
H vulgare Control 9 2.48-2.95 2.73 + 0.141 
2x Thermal 
neutrons 64 1.53-2.93 2.41 + 0.046 — 11.8 
H.vulgave Control 8 1.95-2.76 2.23 + 0.107 
4x Thermal 
neutrons 24 0.78-2.16 1.84 + 0.043 — 17.5 


spikelet whereas the corresponding figure for the control was 3.55 
seeds per spikelet. In 4x wheat some plants were very much affected 
in their fertility. Thus, while in control the minimum number of seeds 
per spikelet was 2.15, X-irradiation caused certain plants to register as 
low as 1.72 seeds per spikelet with the maximum in the range remaining 
at the same level (2.66 seeds per spikelet). Thus in the case of X-ray 
treatment (11,000r) it appears that 6x wheat is most resistant to 
radiation damage followed by 2x and 4x wheats. 

In the thermal neutron treatment, 4x wheat showed a reduction 
in fertility of 11.25% and 6x wheat of 1.3%. Diploid wheat did not 
germinate or grow to maturity after germination and hence no obser- 
vations on seed fertility could be taken. The range in the fertility was 
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also wider in both tetraploid and hexaploid wheats. In hexaploid some 
plants showed a slight rise in the average number of seeds per spikelet 
in the thermal neutron treatment. The maximum in the range in the 
control was 3.55 while in the treated material the corresponding 
value was 3.96. In tetraploid, however, no plant showed such a rise 
in the fertility. Thus with thermal neutrons also hexaploid was the 
least affected as regards seed fertility. 

In the barley series, the tetraploid was found to be more affected 
than diploid. The average seed fertility of 2x and 4x controls were 
2.73 + 0.141 and 2.23 + 0.107 respectively while the thermal neutron 
treatment reduced the fertility to 2.41 + 0.046 and 1.84 + 0.043 
respectively and the percentage reductions in fertility were 11.8 and 
Leen 


C. Mutations observed in the Ms generation. 


(a) Chlorophyvll mutations: 

Seeds collected from the individual M; plants of material treated 
with X-rays and thermal neutrons were sown in pots as well as in 
field. Seeds of thermal neutron treated diploid wheat did not germinate 
in M; generation and hence no observation on chlorophyll mutation 
frequency could be made. For scoring the various types of chlorophyll 
mutations the scheme of classification proposed by GUSTAFSSON 
(1940) was followed. The following types were observed: 

L. Albina: No carotinoids or chlorophylls are formed. 

2. Xantha: Carotinoids prevail — yellow in colour. 

3. Xanthalba: Tip vellowish, base white or faintly coloured. 

4. Viridoalbina: Tip green or yellowish green, base white. 

5. Tigrina: Transverse destruction of pigments. 

6. Striata: Longitudinal stripes of white or yellow colours. 

7. Maculata: Chlorophyll destruction in the form of dots distributed 
over the leaf. 

The percentage of the Mi plant progenies segregating for chlorophyll 
mutations is given in Table 5. The number of plants scored in the 
segregating progenies is also given in Table 5. From the data it is seen 
that all wheats and diploïd barley segregated for chlorophyll mutations. 

Two X-ray treatments (11,000r and 16,000 r) of diploid wheat were 
included for this study. Tetraploid barley did not give rise to any type 
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TABLE 5. Chlovophyll mutation frequency in the Mz generation of X-ray and 
thermal neutvon tveated wheats and bavley. 


No.of % of M 
Noof ae. NoofMs ai families 
segrega- al 
Material Treatment M; plant He En eee yll segre- 
hed genies Lee mutants gating 
T.monoco- Control 10 e) 2200 e) 0) 
cCwM X-rays 
11000 r 18 4 316 11 22:52 
X-rays 
16000 r 18 3 263 50 16.6 
T.dicoceum __ Control 12 ©) 254 e) 0) 
X-rays 
11000 r 74 2 202 2 2.78 
Thermal 
neutrons 39 e) 565 ©) (©) 
T.aestivwm Control 10 0) 1200 0) e) 
X-rays 
11000 r 70 Ì 565 1 1.4 
Thermal 
neutrons 25 Ì 820 l 4 
H vulgare Control 10 e) 328 ej 0) 
(2x) Thermal 64 18 2598 69 28.1 
neutrons 
H.vulgave Control 10 e) 300 0) 0) 
(4x) Thermal 24 e) 620 e) 0 
neutrons 


of chlorophyll mutation in any of the treatments. None of the control 
material gave rise to chlorophyll mutations. The percentage of Mi 
plant progenies segregating for chlorophyll mutations was 22.2% and 
16.6% in 2x wheat treated with X-rays 1 1,000 rand 16,000 respectively ; 
27% and 1,4% in X-ray treated (11,000 r) 4x and 6x wheat respective- 
ly; 4% in 6x wheat and 28.1% in 2x barley irradiated with thermal 
neutrons. It is obvious from this data that polyploidy confers a 
phenotypic stability against induced chlorophyll mutations. The 
higher the ploidy status the lower seems to be the incidence of chloro- 
phyll mutations. The tigrina type in 7. monococcum treated with 


g. 1. Tigrina mutant in 2x wheat induced Fig. 2. Albina mutant in the progeny of 
7 11,000 r of X-rays. The alternate stripes hexaploid wheat treated with X-ravs 
were green and pink in colour. (11,000r). 


Fig. 3. Earhead types isolated from the progeny of thermal neutron treated 
C 591 wheat. 1. Control. 2. Subcompactoid. 3. Clubshaped 4 and 5. Speltoids. 
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11,000r X-rays showed alternate bands of green and pink colour 
(Fig. 1) and in the material treated with 16,000r, the transverse 
stripes were white and green irregularly arranged. 

The types of chlorophyll mutations observed in the X-ray treatments 
of 2x and 4x wheat and thermal neutron treated 6x wheat and 2x 
barley are summarised in Table 6. Out of a total of ll mutants 


TaBre 6. Types of chlovophyll mutants observed in the Ma generation of diploid, 
tetvaploid and hexaploid wheats and diploid barley. 


Wheat Barley 
Dese 2x Ax 6x De 6x 2x 
mutations 
X-ray: 11,000 r 16,000 r Thermal neutrons 
Albina 9 2 l 47 — 41 
Xantha — — — -— — 10 
Virido albina = LE ze oe EE 8 
Striata =s E = 1 1 2 
Xanthalba — == == —= —= 3 
Tigrina 2 == zn 2 er 6 
Maculata 2 == Te ae EE 1 
Total 11 2 1 50 Ì 69 
No. of plants 
316 202 195 263 820 2598 


scored 


observed in the 11,000 r treated diploid wheat 9 were albina and 2 
tigrina. The transverse destruction of pigments in this case resulted 
in pink colouration alternating with green colour. The banding was at 
uniform intervals. In the 16,000 r treatment, 50 chlorophyll mutants 
were recorded out of which 47 were albinas, 1 striata and 2 tigrinas. 
The striata type in this case differed slightly from that observed by 
GUSTAFSSON (1940) in barley. He found that one half of the leaf was 
white and the other half green and subsequent leaves were also of 
similar type. The tigrina type observed in the present case was 
characterised by irregular distribution of white bands alternating 
with green colouration. Both tigrina and striata types observed in 
T. monococcum were of non-lethal nature. In 7. dicoccum the two 
chlorophyll mutations observed were albinas. The one mutant 
observed in the thermal neutron treated hexaploid wheat was of 
striata type. The margins of the leaf were devoid of pigment. 
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In diploid barley 6 types of mutations were recorded. Out of 69 
chlorophyll mutants observed 41 were albina, 10 xantha, 8 virido- 
albina, 6 tigrina, 3 xanthalba and one maculata. All these types except 
tigrina proved to be lethal. Four plants belonging to tigrina type 
survived. The maculata type, observed was very stunted in growth 
and it died 15 days after germination. Under the type albina, 6 plants, 
originally looking like xantha (yellow in colour) but subsequently 
turned white are also included. Xantha proved to be more lethal than 
albina types, for xantha types died within 2 weeks whereas most of 
the albina plants survived for about 25 days. The percentage of 
chlorophyll mutations in the total number of plants scored in the 
segregating progenies of wheats and diploid barley was 3.4% and 
19.2% in diploid wheat treated with 1 1,000 r and 16,000 r respectively; 
0.99% in tetraploid wheat (11,000 r treatment); and 0.12% in hexa- 
ploid wheat and 2.6% in diploid barley. 

The somatic chromosomes of various types of mutants were studied 
in root tip squash preparations. No difference could be detected 
either in the karyotype or in chromosome number. 


Sterility and type of chlorophyll mutation: 

GUSTAFSSON (1940) found that the occurrence of xantha and viridis 
types in the Ms generation was positively correlated with a decreased 
fertility of the M; plant. According to him, xantha and viridis mu- 
tations may be associated with or eventually produced by intergenic 
alterations i.e. those plants which show meiotic disturbances and 
structural changes. On the other hand, albina mutations may arise 
as intragenic changes, since their incidence shows no particular 
connection with any Mi fertility range. 

In Table 7 is given the fertility of all the M‚ progenies which gave 
rise to chlorophyll mutations, together with the types of chlorophyll 
mutations obtained in each progeny of 2x, 4x and 6x wheats and 2x 
barley. It will appear from the data that in general no correlation 
exists between the occurrence of any type of chlorophyll mutation 
and M; seed fertility. Thus in 7. monococcum albina types occurred in 
__progenies derived from both low and highly fertile M; plants and this 
was found to be true for all types of mutations in diploid barley also. 

Occurrence of the type xantha was not confined only to the less fertile 
_progenies in diploid barley. The average seed fertility in diploid barley 
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TaBre 7. Seed fertility of the progenies that segvegated for various types of chlovo- 
phyll mutations in wheat and barley. 


EE 
Seed fertility Number and type of 
Material Ee (No. of seeds/ chlorophyll 
nent ne spikelet). mutants 
T.monococcum Control — 0.73 + 0.108 Sri 
X-rays 
(11000 r) 25 0.65 2 Tigrina 
21 0.43 6 albina 
22 0.79 l albina 
28 0.71 2 albina 
X-Tays 
(16000 r) 5) 0.69 35 albina 
13 0.51 10 albina 
17 0.53 2 albina, 
2 Tigrina and 
1Staata 
T.dicoccum Control — 2.40 + 0.239 — 
X-rays 
(11000 r) 14 2595 1 albina 
T.aestivum Control — 3.24 + 0.066 — 
X-rays 
(11000 r) ug 3.28 1 albina 
Thermal A 3.24 1 striata 
neutrons 
H.vulgave (2x) Control — 2.73 + 0.141 == 
Thermal 1 1.58 2 albina 
neutrons 
2 1.86 7 albina 
H.vulgare (2x) Thermal 3 2.08 2 viridoalbina 
neutrons 
Ze 1.95 S viridoalbina 
10 2.30 5 albina and 
1 xantha 
12 2.74 1 albina 
16 1.60 1 viridoalbina 
18 2.04 8 albina 
20 2.41 2 albina 
O7 2.44 12 albina, 
1 xantha 
30 VE 2 albina 
31 1.91 3 xanthalba 
36 177 4 xantha 
37 2.56 4 xantha 
42 2.58 1 albina 
45 2.63 1 albina, 
1 maculata 
52 2.43 5 trigrina 
53 2.30 1 tigrina 


Ï 
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was 2.73 + 0.141 and xantha types occurred in lines showing seed 
fertility 2.3, 1.77 and 2.56, thus showing that xantha mutations occur 
in a wide sterility range. 

The average fertility of the plants which gave rise to albina was 
2.23 and of those which segregated to give rise to xantha and viridis 
types was 2.07. This difference in fertility is small and no definite 
evidence could be found during the present study in support of the 
earlier results of GUSTAFSSON (1940). 


Grass clumps: 

Six grass clumps were found in the Ms lines of diploid barley treated 
with thermal neutrons. All the six plants died about 60 days after 
germination. The chromosome number in these mutants was 2n =— 14 
and no detectable variation occurred in chromosome morphology. 


(b) Drastic mutations: 

In the Ms generation apart from chlorophyll and viable mutations, 
some drastic mutations like grass clump, single tiller and late maturing 
plants were obtained in X-ray and thermal neutron irradiated 6x 
wheat. Such drastic mutants were more frequent in the thermal 
neutron treatment than in X-irradiation. Grass clump plants obtained 
from X-rayed material died at the seedling stage. The earheads of 
the single tiller plants were very short, but resembled the parent in 
all other respects. 


(ce) Morphological mutations: 

The frequency and types of mutations induced in 7. aestivum 
(var. C. 591) treated with X-rays and thermal neutrons, and in H. 
vulgare (2x and 4x var. N.P. 13) treated with thermal neutrons were 
scored. T. aestivum (var. C 591) is a very stable variety characterized 
by fully awned earheads and pubescent glumes. The grains are hard 
and possess an attractive amber colour. H. vulgare (N.P. 13) is a six- 
rowed and fully awned variety. In 7. dicoccoum (var. 1.C. 834) no 
morphological mutants were found. 7. monococcum treated with X- 
rays and thermal neutrons failed to germinate under field conditions 
and hence no observations could be taken. In Table 8 is given the 

mutation rate in hexaploid wheat and diploid and tetraploid barley. 
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TABLES8. Mutation vate in wheat and barley tveated with X-vays and thermal 
neutvons (Ms generation). 
en 

Nie dgooN0: of _ Total Mutation rate 
rOoge- m ber 
Treat le proge- nu 4 d e 
eh ment 5 re- nies of OL Per Mi plant 
Ae segre- __muta- families progeny 
nies j f f si 
gating tions segregating (oe 
T.aestivwm _ Control 10 0 0 0 0 
X-rays 
(11000 r) 74 25 64 3357 86.4 
Thermal 24 12 dl 50.0 129.1 


neutrons 


H.vulgare Control 8 (0) 0 0) 0) 
Dr Thermal 54 9 pz 16.6 222 
neutrons 
H.vulgave Control 8 e) 0 e) 0 
4x Thermal 24 2 3 8.3 12.5 
neutrons 


None of the control material gave rise to any spontaneous mutation. 
From the data it is seen that a high frequency of viable mutations is 
induced in hexaploid wheat as compared to diploid and tetraploid 
barley. The percentage of families segregating in wheat treated with 
X-rays and thermal neutrons is 33.7 and 50.0 respectively while in 
thermal neutron treated diploid and tetraploid barley the percentages 
were 16.6 and 8.3 respectively. In wheat, as is evident from Table 8, 
thermal neutrons were more effective as compared to X-rays, but no 
strict comparison could be made between the two since the dosages 
given have not been equated as regards energy dissipation in the two 
cases. The frequency of viable mutations in tetraploid barley was just 
half as compared to diploid barley. Probably the ploidy status 
of former restricted the occurrence of mutation. 

In Table 9 is summarized the types of mutations observed in 6x 
wheat treated with X-rays and thermal neutrons (see also Fig. 3). 
Similar types of mutations occurred in the X-ray and thermal neutron 
treatments with the exception of the dense-ear mutant which was 
found only in X-rayed material. A large proportion of viable mutations 
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TABLE 9. Types of mutations in Ma generation in T.aestivum. 
Ee 
Number of mutations % of total mutations 
Mutation Kern Thermal ek RE Thermal 
neutrons neutrons 
Short-stiff straw Ì 6 1.56 TEENS 
Fine straw 3 2 4.69 6.44 
Speltoid 26 7 40.62 22.54 
Semi-compactoid 6 l 9.63 3.22 
Club-shaped 7 2 10.92 6.44 
Dense ear 2 — 3.12 — 
Others * 19 13 29.64 41.86 


* Include grass clumps, late and early types, colour and hairiness of glumes 
and colour of grains. 


in both the treatments consisted of speltoids. Other mutations observed 
were erectoids, fine and thin straw, semi-compactoid, club-shaped, 
heavy reduction in tillering, grass clumps and late maturing mutants. 
The speltoids were of different gradations — from extreme tapering 
earhead tips to somewhat blunt types. All the speltoid earheads were 
fully awned. Out of 26 speltoids obtained in X-ray treatment 10 were 
characterized by the possession of dark green leaves and very promi- 
nent waxy bloom. In thermal neutron material similar speltoids were 
not found. All the types were light green in colour without waxy 
appearance. One speltoid obtained in the thermal neutron treatment 
had very lax earheads. 

The number of spikelets in speltoids ranged from 15 to 23, as 
compared to 18 to 24 in control. The height of speltoid seedlings 
ranged from 90 to 130 cm and in some cases the tillering was affected 
to a great extent. Earhead lengths ranged from 5.6 to 9.9 cm. 

The next frequently observed mutation was plants with clubshaped 
and sub-compactoid earheads. These two types occurred more 
frequently in X-rayed material than in thermal neutron treatment. 
This type of mutation was accompanied by reduction in the height 
and tillering capacity of the plant. All the plants were fully awned. 
The number of spikelets remained almost the same as in control. 

A few plants with fine and thin straw were obtained in both the 
treatments. The height of the plant and earhead length did not differ 
from that of control. One striking feature emerging from Table 9 is 
the high frequency of erectoid mutants in thermal neutron treatment, 
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ie. 19.32 per cent of total mutations, while in the X-ray material the 
percentage was only 1.56. All the erectoids possessed a stiff, short 
straw accompanied by deep green foliage and some plants had com- 
pressed earheads. The erectoid plant obtained in M2 progeny of 
X-rayed material had 5 nodes as against 4 and 3 in thermal neutron 
treatment. The height of plants and internodal lengths are given in 
Table 10. In the erectoid plant from X-ray progeny all internodes 


TABLE 10. Internode lengths of evectoids isolated in Ma generation of X-ray and 
thermal neutron treated T.aestivum. 


Plant Treat- Height No. of Length of internodes in cm 
No. ment. 1m cme nodes, 2 3 4 be) 6 


— Control 131,9 5 4.0 11.0 15.5 18.0 29.0 54.4 Normal 
1 X-rays 83.5 5 3:6- 12.25 15.3 12:8- 14.1 15.5 “Compressed 


Ear shape 


2 Thermal 1043 4 3.1 10.5 13.9 21.6 47.2 — Normal 
neutrons 

3 st 97.5 4 3.1 11.9 10.2 22.4 39.9 — Normal 

4 ; 75.8 4 3.0 11.6 15.0 16.2 23.5 — Compressed 

5 5 87.1 Ee 3.0 11.9 15.6 22.6 23.3 — Normal 

6 2 84.2 4 5.3 11.2 13.1 15.8 28.0 — Compressed 

7 fe 63.8 3 20 8.5 15.0 320 — — Compressed 


except the basal internode were more or less of same length while the 
plants from the thermal neutron material, showed the maximum 
length in the topmost internode with a gradual increase in internodal 
length from base to top. One very short erectoid with 3 internodes 
was obtained in thermal neutron treatment, and it possessed 3 tillers. 
Out of 7 erectoids recorded, 4 possessed compressed earheads while 3 
showed normal earheads. 

Two chimeras, sub-compactoid-normal and speltoid-normal were 
observed in the X-rayed material. Out of six tillers in sub-compactoid- 
normal chimera three were of sub-compactoid and three normal. The 
height of sub-compactoid tillers was 95 cm as against 127.3 of the 
normal tillers. In speltoid-normal chimera, 3 tillers belonged to 
speltoid type and two were normal. Two plants with short awns were 
also obtained. Except for the reduction in awn length, the be was 
normal in appearance. 

In diploid barley the types of mutants observed were erectoid, 
sterile glumes, plants with short and compressed earheads, grasslike 
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plant with a large number of tillers, plants with irregularly arranged 
spikelets and grassclumps. One erectoid measured 75 cm while the 
average height in a control plant was about 110 cm. The erectoid 
possessed 6 nodes and the length of internodes increased from base 
upwards. Three plants were completely sterile. The mutant with 
grassy appearance had a very large number of tillers. The earheads were 
very short with 2 to 10 spikelets. Another mutant observed was a 
plant with irregularly arranged spikelets on the ear. Two grass clump 
plants obtained survived only for 60 days after germination. 

In tetraploid barley 3 sterile mutants were observed. No other 
mutant was found in M> progeny of thermal neutron treated tetraploid 
barley. 


D. Study of radiation-induced chameras in T. aestivum. 

In the M; generation of 7. aestivum (var. C. 591) raised during 
1957-58 from seeds treated with ultraviolet + 11,000 r of X-rays, 
several types of chimeras occurred. The chimerical condition related 
to earhead characteristics in all cases. Seeds from the different types 
of earheads from each such plant were sown separately during 195859 
and the morphological characters and cytological and breeding 
behaviour of these chimeras are described below: 


1. Normal — speltoid — compactoid chimera. 

In this plant, 6 tillers had the type of earhead characteristic of the 
variety C. 591, 3 tillers had speltoid earheads and 2 had compactoid 
earheads (NATARAJAN et al, 1958). Seeds were collected from the 
different earheads separately and were sown in pans and later trans- 
planted in the field. The population thus raised consisted of 150 plants 
from normal earheads, 172 plants from the speltoid earheads and 21 
plants from the compactoid earheads. The progeny of both normal 
and speltoid earhead types had normal earheads and were in general 
indistinguishable from the control plants. All the plants raised from 
seeds collected from the compactoid earheads bred true for the 
compactoid characteristics. Thus, they had a dense club ear, rounded 
loose glumes with faintly developed nerves and a thick short straw. 
As MacKey (1954 b) has pointed out, the compactoid mutants of 
T. aestivum differ from T. compactum in having earheads which are 
more square headed than in compactwm, glumes which are faintly 
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keeled and the characteristic crookedness of the compactum straw just 
under the earhead either lacking or less prominent. MacKervy (1954 b) 
has also shown that from the genetical point of view, the compactoid 
mutations in T. aestivwm and T. compactwm are quite distinct, since 
in the former the earhead density is regulated by the OQ factor in 
chromosome LX and in the latter by factors in chromosome XX. Data 
relating to plant height, number of spikelets per earhead, ear length 
and awn length in the progenies of the three types of M; tillers are 
given in Table 11. 


TABLE 11. Progeny of novmal-speltoid-compactoid chimera. 


No.of Ear length Awn length Plant height 

Eren spikelets in cm in cm in cm 
3 Range Mean Range Mean Range Mean Range Mean 
Normal 18-21 19,9 =11.5—13.0 12187 2 tit 628 12136 2850 
Speltoid 17-21 18.6 10.1-12.7 11.92 25110 7Z.1t 118138 1218 


Compactoid 14-17 155 6.5- 7.1 6.86 1.7- 8.1 4.98 72.590 79.7 


Meiosis was studied in the microsporocytes of one plant from each 
of the three progenies. Twenty one bivalents were found regularly 
in the progenies of the normal and speltoid earheads and no heter- 
omorphic bivalent or any other morphologically detectable change 
could be observed. Pollen fertility and seed setting were normal. In 
the compactoid plant one quadrivalent and 19 bivalents were found 
in one cell; in others (25 cells) 21 bivalents were seen. This compactoid 
may, therefore, be a nulli-tetracompactoid (i.e. 4 IX — 2 non-IX; see 
MacKevy, 1954 b, Table 13) or a deficiency-duplication compactoid. 
Further studies on the cytological and breeding behaviour of these 
plants will be necessary before the constitution of this compactoid 
can be established with certainty. 

Several authors have previously reported that a chimera with 
glumes of speltoid appearance may yield a progeny of normal plants, 
if the mutation had occurred after the differentiation of the meristem 
into two germinal layers, denoted dermatogen and subdermatogen 
(NILSSON-LEISSNER, 1925; AKERMAN, 1927 and RosrER, 1928). Mac 
Key (1954 b) has however, drawn attention to the fact that it is geneti- 
cally difficult to assume that two initial groups of cells are already 
present in the embryo and that in an irradiated meristem intra- 
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somatic selection processes will be at work. It is, however, clear that 
the speltoid earhead which neither breeds true nor segregates for that 
condition will be analogous to chimeras arising from changes in the 
outer germinal layer alone. 


2. Normal-compactoid chimera: 

In this plant, 5 tillers had normal earheads and 2 tillers had com- 
pactoid earheads. 120 plants grown from the seeds of the normal 
earheads were all normal. Out of 31 plants raised from the seeds of the 
compactoid earheads, 25 plants were wholly compactoid and 6 were 
sub-compactoid. The sub-compactoid plants occupied an intermediate 
position between the normal and compactoid plants with regard to 
plant height, thickness of straw, length of earhead and length of awns 
(Fig. 6; Table 12). Meiosis was studied in the normal and compactoid 


TABLE 12. Progeny of novmal-compactoid chimera. 


No. of Ear length Length of awns Height of 
Progeny 5 ; Ö p 
E spikelets in cm in cm plants in cm 
O0 Dn 
Range Mean Range Mean Range Mean Range Mean 
Normal 20-23 21.6 10.5-12.3 11.52 1.9-11.0 6.24 120-139 128.6 


Compactoid progeny 
a) Compactoid 
plants (51 162 5:8- 8.0 6.90r 1.9 7.5: 4.56 61-70 66.0 


b) Subcompactoid 
plants 19-22 20.2 9.8-12.1 11.44 1.8- 9.1 5.45 93-105 97.2 


plants and while 21 bivalents were seen in the normal plant, 20 
bivalents, 1 univalent and two isochromosomes occurred regularly in 
all the cells of the compactoid plant (Fig. 4). This compactoid thus 
appears to belong to the iso-compactoid class of MacKey (1945 b). 


3. Speltoid-compactoid chimera: 

One M; plant had 3 speltoid tillers and two compactoid ones. The 
progeny of the speltoid tillers was normal and hence this speltoid also 
appears to be of the periclinal chimera type. The compactoid progeny, 
however, consisted of plants with normal (26 plants) sub-compactoid 
(5 plants) and compactoid (5 plants) earheads. The data relating to 
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Fig. 4. Metaphase I in a compactoid plant derived from normal — compactoid 


chimera with 20 rr 1, rand 2 iso-chromosomes. 


De & E 4 Ba 


Fig. 5. Earhead types in the progeny Fig.6. Earhead types in the progeny of a 
of a long-tipped tiller of a normal-long- compactoid tiller of a normal -compactoid 
tipped chimera (left to right) Fully chimera 1. Normal 2. Sub-compactoid 3. 
awned, long-tipped and short-tipped. Compactoid. 


plant height and earhead characters are given in Table 13. Cytological 
studies showed that in all the three categories of plants there were 21 
bivalents and no prominent structural change was seen. 
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TABLE 13. Progeny of speltoid-compactoid chimeva. 


eenen 


No. of Ear length Awn length Plant height 
Progeny en 4 : ì 
ie spikelets in cm in cm in cm 
Range Mean Range Mean Range Mean Range Mean 
Speltoid IMO es 121133 126 A6-1l0 602 114128 120,6 


Compactoid progeny 
a) Compactoid 

plants ORO 6-2 ton 6:84 1-5 416 4.33 "G1SrBON 166:8 
b) Subcompactoid 

plants 1721 184 80112 9:58 1.4- 9.1 5.19 86-105 94.0 
c) Normal 

plants 20 Ze ll. S1SOP12ISP P2OELO:Or 6:16e 1161361285 


4. Fully awned — long tipped chimeras: 

The variety C. 591 is fully awned and in the M; generation two 
plants were detected in which some tillers had earheads with awning 
confined to the upper spikelets (awn length also reduced; corresponds 
to the tipped 1 class of WATKINS & ELLERTON, (1940). One plant had 
3 long-tipped earheads and 12 normal ones and another had 2 long- 
tipped earheads and 7 normal ones. The awn characteristics in these 
two plants are given below: 


Spikelet where Length of awns in cms. 
Tillers k 
awing commences Range Mean 
Normal Basal 4,0-11.2 8.4 
Long tipped 1 6th or 7th from the base 1.0 2.5 1.8 
Long tipped II 6th from the base 2.5—:4.0 3.2 


All the progenies raised from normal tillers bred true for the fully 
awned condition. One of the long tipped progenies consisted of fully 
awned (6 plants), long tipped (7 plants) and short tipped (7 plants) 
types. In the progeny of the other long tipped chimera, germination 
was poor and there were only 4 plants; of these two had fully awned 
earheads and two had long tipped ones. The data relating to the awn 
characters in these progenies are given in Tables 14 and 15 (see also 
Fig. 5). The long tipped and short tipped plants resembled the controls 
in all other characters such as plant height, maturity, rust reaction, 

glume pubescence and grain shape. Meiosis was studied in the long 
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TABLE 14. Progeny of novmal-long tipped chimera I. 


A 


Spikelet where Length of awns in cm. 


] je l 

orde awning commences Range Mean 
Normal Basal 1.6-11.0 6.8 
Long tipped progeny 
a) Short tipped 9th from base 0.8 2.8 17 
b) Long tipped 6th from base 3.5— 3.8 3.7 
c) Fully bearded Basal 2.3-— 9.8 6.0 


zn 
TABLE 15. Progeny of novmal-long tipped chimeva II. 


‘mmm 


Spikelet where Length of awns in cm. 
Material É 
awning commences Range Mean 
Normal Basal 2.0-11.1 6.83 
Long tipped pvogeny 
a) Long tipped 7th from base 2.0- 3.5 2.96 
b) Fully bearded Basal 1.9—11.1 ZO 


tipped and normal plants and in both 21 bivalents were regularly 
found at metaphase I. 

Awning in wheat is now known to be controlled by a series of 
promoter genes (usually designated as aj, az, ag etc., the suffix 
indicating the chromosome on which the locus is present — chromosome 
nomenclature in relation to Chinese Spring) and three dominant 
epistatic genes Hd, B; and Ba situated on chromosomes VIII, LX and 
X respectively. The origin of a long tipped earhead in a fully awned 
variety could, therefore, be either due to the evolution of a dominant 
epistatic gene or due to deletions or point mutations at the loci of the 
promotors. The number of promotor genes present in the variety C. 
991 is not known. Crosses have been made between the long tipped and 
short tipped plants and the control and further studies will be needed 
before the number of genes involved in this change and their domi- 
nance relationship can be worked out. Since a direct mutation of the 
recessive to the dominant allelomorph is rare, it seems likely that 
cryptic deletions at the “a” loci may be responsible for the origin of 
the long tipped condition. 

In Gramineae, the ovule is not derived from the carpel wall but 
from the rest of the axis on which the palea, stamens and carpels are 
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borne. Hence, chimeras of the periclinal type can occur. The occurrence 
of some tillers with a changed character and the others with the 
parental character suggests that the cells giving rise to the different 
ear primordia must have been differently affected. MacKrey (1954 b) 
observed chimeras within a single head and considered this as evidence 
that the head must be the descendant of more than one cell. ANDERSON 
et al (1949) reached the same conclusoin by studying the distributron 
of cells with abnormal meiosis in different parts of the tassel of maize 
irradiated in the dormant seed stage. They calculated the number of 
cells in the initial to be seven or eight. CALDECOTT & SMITH (1952), 
however, concluded that all the sporocytes in a spike of barley are 
derived from a single cell of the dormant embryo since in irradiated 
plants, all the sporocytes in a spike revealed the same chromosome 
structural changes. During the present study, chimeras within a spike 
were not observed. The phenotypic uniformity of all parts of the 
speltoid, compactoid and long tipped earheads observed in M; plants 
suggests that such spikes are most probably derived from single cells. 
However, detailed studies of the early stages in the development of 
the wheat spike, on the lines of the work done in Rye by BREMER- 
REINDERS (1958) are needed to understand more fully the mode of 
origin and behaviour of chimeras. 

The frequent occurrence of chimeras in hexaploid wheat is no doubt 
due to the ability of this polyploid to tolerate chromosome structural 
changes, particularly deletions. In fact, MacKey (1954 b) observed 
that the efficiency of a mutagen can even be ascertained in hexaploid 
wheat from the frequency of chimeras induced in M; generation since 
there was a close correspondence between the frequency curves 
relating to M; changes and M> mutations. This also emphasises the 
advisability of carrying forward all material for raising the Mz 
generation as earhead progenies rather than as whole plant progenies. 
Calculation of mutation rates per ear-head progeny will also be a 
more sensitive method. A similar conclusion has been arrived at by 
Brixr et al (1958) in the case of peas since they found that the mutated 
sector in a M; plant is usually restricted to one branch. 

Radiation-induced chimeras have proved to be of much theoretical 
and practical interest in both animals and plants. BARNES ef al (1958) 
have shown from cytological studies in the haemopoietic and lym- 
| phopoietic tissues of established homologous and heterologous radi- 
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ation — chimeras in mice that both spontaneous reversion and induced 
trans-population are due to the superior physiological competence of 
the finally predominating cell-line rather than to mastery through a 
reaction of immunity. Forp et al (1956, 1957) have demonstrated 
elegantly the use of chromosome markers in such studies. The practical 
value of somatic mutations and chimeras in vegetatively propagated 
plants is well known and recently HowArp (1958) has converted a 
monochlamydious chimera of the potato variety King Edward (the 
chimera itself is grown as a separate variety under the name Red 
King) into a dichlamydious one by X-radiation of sprouts. 


IV. DISCUSSION 


IL. Polyploidy and Radiosensitivity. 

It has been calculated that more than 50 percent of the Angiosperms 
are polyploids (STEBBINS, 1950) and it is hence natural that studies on 
the radiation sensitivity of polyploid plants have attracted the interest 
of many geneticists. Among the criteria commonly used as indices of 
radiosensitivity in plants, germination percentage and survival, 
growth inhibition, seed fertility, frequency of chromosomal aberrations 
induced in somatic and gametic cells and mutation frequency observed 
in the second generation are the important ones. During the present 
study all these criteria were used to evaluate the relationship between 
ploidy and radiosensitivity in an induced autopolyploid and a natu- 
rally existing allopolyploid series and the indications provided by the 
data are discussed below. 

Germination and survival: The data relating to the germination and 
survival observed in 2x and 4x barley and 2x, 4x and 6x wheat treated 
with different doses of X-rays and fast neutrons are given in Tables 
land 2. As regards barley the 2x and 4x plants showed identical 
germinability until a dose of 50,000 r of X-rays. At this dose, the 4x 
barley showed a higher percentage of germination (60% in contrast 
to 40% germination in the diploid). However, in the case of fast 
neutrons, the germination in 4x barley seems to be more affected than 
in 2x barley. In the wheat series, there was no marked difference in 
germination percentage in all the X-ray dosages below 35,000 r. At 
this dosage and above it, the diploid was more affected than the 
tetraploid and hexaploid. There was, however, no striking difference 
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between the tetraploid and hexaploid above 35,000 r. With fast 
neutrons, 2x wheat showed a much lower percentage of germination 
than 4x and 6x wheats. Also, 6x wheat showed some reduction (4%) 
in germination only at the highest dosage given and was markedly 
superior to 4x wheat at all the dosages. 

MacKry (quoted by GUSTAFSSON & von WETTSTEIN, 1956) 
studied the survival of 2x, 4x and 6x wheats exposed to 10,000, 12,500, 
15,000, 17,500 and 20,000r of X-rays. He used summer and winter 
wheats in the study and found that in both cases, the diploid was the 
most sensitive to a given dose of radiation. Though there was no 
striking difference between 4x and 6x wheats in survival, 4x wheat 
appeared to be somewhat less affected particularly at the higher doses. 
MATSUMURA et al. (1957), in a similar study using X- and Y- rays 
found that 2x wheat was the most sensitive while there was no 
signifificant difference between 4x and 6x. NATARAJAN ef al (1958) 
recorded observations similar to those made by MacKrevy. Thus, while 
2x wheat was affected most at all the X-ray doses given, 4x wheat 
showed a slightly superior survival in comparison with the hexaploid 
at doses above 1 1,000 r. However, this was true only when X-rays were 
given alone. When the seeds were pre-soaked in water or pretreated 
with ultraviolet the hexaploid showed a higher survival percentage. 

SARIC (1958) made a detailed study of the effects of different X-ray 
doses, ranging from 2,500 to 25,000 r, on the germination of diploid 
and autotetraploid winter Petkus rye and several Triticum species and 
varieties with n — 7, 14 and 21. In the case of rye, the diploid was 
affected more than the tetraploid at all the dosages given. The results 
in Zriticum species were, however, more complicated. Thus, the variety 
Sofijanum of T. monococcum showed the same sensitivity to radiation 
as var. erythrospermum of T. aestivwm at 25,000 r. On the other hand, 
the variety vulgare of T. monococcum was affected more than all the 
varieties of T. aestivwm studied at all dosages. From these results 
SARIC (1958) concluded that with artificial polyploids obtained by 
doubling the chromosome number within a variety, the one with more 
chromosomes is more resistant to radiations and that with natural 
polyploids, the number of chromosomes is not a decisive factor as 
regards resistance to irradiation but the results will vary with the 
other biological characteristics of the species or variety acquired in the 
course of their phylogenetic development. 
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Our data indicate that in a study of this problem, the dosage and 
the LET of the radiation used will also be influencing factors, in 
addition to the nature of ploidy. The importance of LET is also 
brought out by the results of KoNZAK and SINGLETON (1952) who 
observed that while the hexaploid species of Avena and Triticum 
showed the greatest resistance to a given dose of X-rays, the tetraploids 
were more resistant than the hexaploids to thermal neutrons. The 
fast neutron irradiation effects observed by us in 2x, 4x and 6x wheats 
reveal a different picture. While 4x and 6x wheats showed identical 
sensitivity to X-rays, the 6x wheat had superior resistance to a given 
dose of fast neutrons. Fast neutrons are supposed to cause much less 
physiological damage to the cell in contrast with X-rays (cf. EHREN- 
BERG & NYBOM, 1954) and it is possible that when the physiological 
and genetical effects of radiations are separated, the superior resistance 
of polyploids arising from the presence of duplicate factors tends to 
become more obvious. However, the data relating to the survival of 2x 
and 4x barley irradiated with fast neutrons suggest that no such clear 
response may be detectable in all cases. It can hence be stated that 
while in general, polyploidy does confer some degree of radiation 
protection as regards survival, a direct correlation cannot always be 
established between the nature and extent of ploidy and radio- 
sensitivity. 

The superior resistance of polyploids to radiation induced lethality 
is also clear from the studies of GUSTAFSSON (1947) who found that 
the lethal X-ray dose in the case of diploid and tetraploid white 
mustard was approximately 100,000 and 145,000r respectively. 
SPARROW & SCHAIRER (1958) examined the effect of chronic gamma 
irradiation in polyploids of Sedum and Chrysanthemum and observed 
a straight line relationship between chromosome number and. radio- 
sensitivity. Several authors have studied how radiation induced 
inhibition of cell division is affected by the number of sets of homo- 
logous chromosomes in the veast cell (Saccharomyces cereviseae). 
Early work by LararjET & Epnruss1 (1949), BEAM (1950) and 
ZIRKLE & Topras (1953) clearly showed that diploid cells are much 
more resistant to X-rays than haploid. When formation of micro- 
colonies was studied, the ratio of LD 50 between diploid and. haploid 
was about 5. Topras (1954) found unusually high radioresistance in a 
yeast and believed it to be a polyploid. However, attempts to sporulate 
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this culture, which apparently belonged to the torulopsis strain, were 
unsuccessful and the high ploidy could not be established. ToBras 
et al. (1958) studied the survival curves found in some closely related 
strains of various ploidies (haploid, diploid, tetraploid and hexaploid) 
and observed that the haploid cells were most sensitive and the 
diploids most resistant. Beyond diploid, the radiosensitivity increased 
with increasing chromosome sets. They proposed that inhibition of 
cell division by X-rays at various ploidy levels is due to the production 
of recessive and dominant lethals. 

In Drosophila, Lamy & Murrer (1939) did not find any consistent 
difference in the sensitivity of diploid and polyploid embryos to X- 
rays. They concluded that the lethal effects of X-rays on embryos 
must be physiological rather than genetic in nature. CLARK & 
Kerry (1950) in their studies on the lethal action of X-rays on diploid 
and haploid prepupae and pupae of Habrobracon found that the 
number of chromosome sets is a factor in determining the radiation 
sensitivity of cells since diploids were more resistant than haploids. 
Thus, most of the data reveal that a polyploid organism is relatively 
less susceptible to radiation injury than a diploid one. One must, 
however, bear in mind that the data in such studies may tend to be 
vitiated often by other biological factors unrelated to ploidy, conse- 
quently rendering it difficult to work out clear cut relationships 
between ploidy and radiosensitivity. 


Growth inhibition and morphological changes in the M; generation: 
Height measurements in seedlings of 2x and 4x barley and 2x, 4x 
and 6x wheat irradiated with different doses of X-rays and fast 
neutrons revealed that height is reduced in the polyploids to a slightly 
lower degree than in the diploids. Smrrm (1946) also found that 
tolerance to X-rays increases with chromosome number in 2x, 4x and 
6x wheats. MATSUMURA et al. (1957), who studied the effect of X- and. 
Y-rays at the dosage 10 to 40 Kr on the growth of seedlings found that 
2x wheat was the most sensitive. They also noticed that gamma 
radiation inhibited seedling growth more than X-rays. NATARAJAN 
et al. (1958) observed that 6x wheat is much less affected by X-rays 
and fast neutrons than 2x and 4x wheats, when the height of 7-day 
old seedlings is taken as the index of radiation injury. DUBININ (1958) 
reported data on the effect of gamma radiation on diploid and auto- 
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tetraploid buckwheat. The data reveal that the height of plants was 
reduced to a greater extent in 2x in comparison with 2x buckwheat 
both when the plants were grown in pots and in the field. The amount 
of necrotic spots induced by irradiation was also greater in the diploid. 
DuBININ (1958) therefore, concluded that the presence of additional 
chromosome sets protects the organism from radiation injury. MÜNT- 
ZING 1942) made similar observations in diploid and tetraploid 
barley. 

In insects the influence of ploidy on radiosensitivity has been shown 
by CLARK (1957) in Habrobracon to depend on the stage of develop- 
ment. He did not find any simple correlation between ploidy and 
radiosensitivity throughout the life cycle and suggested that changes 
in radiosensitivity may come about as a result of a balance between 
dominant and recessive lethals that varies with the stage of develop- 
ment. 

Besides inhibition in growth, no distinct phenotypic change was 
observed by us in 2x-and 4x wheats in M; generation. In 2x barley and 
6x wheat, a few chimeras were observed. In addition, two grass clumps 
probably resulting from drastie chromosomal changes also occurred 
in 6x wheat. STADLER (1931) found several sectorial chimeras in 
barley irradiated with X-rays and pointed out that phenotypic 
changes in the first generation should not be automatically considered 
as resulting from dominant mutations but are probably due to the 
phenotypic effects of deficiencies and duplications. Such chromosome 
structural variations are no doubt more readily transmitted in a 
polyploid than in a diploid and this may account for the relatively 
higher frequency of their incidence in 6x wheat. MAcKEY (1954 b) 
and NATARAJAN ef al. (1958) have also recorded several first generation 
changes in bread wheat. 

Seed fertility: The data relating to seed fertility in control and 
irradiated wheat and barley plants are given in Table 4. It will be 
seen from this data that while 2x and 4x wheats are affected nearly 
to the same extent, there is practically no reduction in seed fertility 
(actually there is an increase in fertility at 11,000 r of X-rays) in 6X 
wheat. MacKry (quoted by GUSTAFSSON & VON WETTSTEIN, 1956) 
and NATARAJAN ef al. (1958) also found that seed fertility is reduced 
much less in the hexaploid than in diploid and tetraploid wheats 
following irradiation with a given dose of X-rays. STADLER (1932) 
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reported that irradiation induced partial sterility with high frequency 
in 7. monococcum and that the frequency was lower in T. durum and 
extremely low in 7. vulgare. Such a reduction in the frequency of 
induced partial sterility with increasing ploidy was attributed by him 
to the survival of deficient gametes. 

When the seed fertility data in 2x and 4x barley irradiated with 
thermal neutrons are considered, it appears that fertility is reduced 
to a greater extent in the tetraploid than in diploid. However, it is 
difficult to draw any inference from this data as regards ploidy effect 
on seed fertility since in autotetraploid barley meiosis is already 
irregular due to the presence of 4 of every chromosome and irradiation 
induces further complications leading to the occurrence of higher 
multivalent configurations such as octavalents. 


Frequency of mutations in the M3 generation. 

(a) Chlorophyll mutations: The frequencies of chlorophyll mutations 
observed in the various M> progenies of 2x and 4x barley and 2x, 4x 
and 6x wheats are given in Table 5. It is clear from the data that the 
rate of observable chlorophyll mutations drops drastically in the 
polyploids. In bread wheat, a single allina and one striata mutants were 
observed in the progenies derived from X-ray (11,000 r) and thermal 
neutron treatments respectively. No chlorophyll mutation was 
observed in tetraploid barley. 

The frequency of induced chlorophyll mutations has been studied in 
Triticum species by STADLER (1929), FRÖIER (1946), GUSTAFSSON 
(1947), MacKey (1954 c) and NATARAJAN et al. (1958). STADLER 
(1929) compared the chlorophyll mutation frequencies of diploid 
barley with those of Avena brevis, A. strigosa (2n — 14). A. byzantina, 
A. sativa (2n — 42), Triticum monococeum, T. dicoccum, T. durum and 
T. aestivum. Chlorophyll mutations were practically absent in the 
hexaploid species and he concluded that the proportion of non- 
reduplicated genes is very small in them. In the tetraploids, a con- 
siderable proportion of the mutable genes appear to be dominant in 
only one of the 2-chromosome groups, since several chlorophyll 
mutations were found in them. STADLER (1930) also reported that an 
X-ray treatment producing 40 mutations in barley produced only a 
single albina in the hexaploid oats variety Kherson and none at all in 
the winter wheat variety Harvest Queen or in the Spring wheat 
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Marquis. STADLER predicted that the species of Avena and Zriticum 
with 7 pairs of chromosomes should mutate at rates comparable with 
those of common barley. This has been found to be correct by SMITH 
(1936, 1939) and FrÖrer (1946). FRÖIER (1946) in an extensive study 
found no chlorophyll mutations in bread wheat in dosages upto 20,000 
r of X-rays. Also, no chlorophyll mutations have been reported in 
bread wheat by DELAUNAY (1930, 1931), 1934), SAPEHIN (1935), 
AFANASSJEWA (1936), FONDARD & CABASSON (1939), RANJAN (1940) 
and GUSTAFSSON (1947). MacKey (1954 c) observed the following 
chlorophyll mutation frequencies (percentage of mutations per M, 
plant progeny) in X-ray and neutron experiments. 


Mutation rate (%) 


aterial PE 
pe gi X-rays Fast neutrons 
Hordeum distichum 14 27 27 
T. monococcum 14 18 26 
T. dicoccum 28 5 e) 
T. aestivum 42 0.5 1 


He did not find any a/bina mutation in 6x wheat. NATARAJAN ef al. 
(1958) recorded similar chlorophyll mutation rates but they observed 
albina mutations in 6x wheat irradiated with fast neutrons as well 
as in X-ray treatments given either after pre-treating the seeds 
with ultraviolet or soaking them in water. During the present study, 
an albina was observed in 7. aestivum treated with 11,000 r of X-rays. 

The incidence of induced chlorophyll mutations in a polyploid plant 
may provide an approximate indication of the number of non- 
reduplicated chlorophyll factors present in that plant. It is also 
possible that some highly stable non-reduplicated chlorophyll genes 
are present thus accounting for the rarity of chlorophyll mutations. 
However, since none of the nullisomics in 7. aestivum show chloro- 
phyll deficiency, it is clear that more than one chromosome is involved 
in chlorophyll production. Spontaneous chlorophyll mutations are 
also extremely rare in 6x wheat and oats (ÄKERMAN, 1929; ÄKERMAN 
& PRÖIER, 1941). SCHKWARNIKOw (1939) working with mutations 
induced by seed ageing was the first to report a vital light green 
mutation in bread wheat. Since then, very few chlorophyll mutations 
have been recorded in this species. Thus, the proportion of non- 
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reduplicated genes controlling chlorophyll development must be very 
small and in large M> populations, one may find an occasional chloro- 
phyll mutation as was observed during the present study. 

In tetraploid barley (MÜNtziNg, 1942) and in tetraploid flax 
(LEVAN, 1944) not a single chlorophyll mutation was observed in 
X-ray dosages upto 35,000 r. We also could not find any chlorophyll 
mutation in 4x barley and the effects of chromosome and consequently 
gene duplication on stabilising the phenotype are thus apparent. 

(b) Vrable mutations: A list of the viable mutations obtained in 
2x and 4x barley and 6x wheat has been given in Tables 8 and 9. No 
detectable morphological change occurred in 2x and 4x wheats. The 
mutations observed in 6x wheat included speltoid, short straw, lax 
head and dense head types. The short-strawed plants are of interest 
from the plant breeding point of view since with the growing use of 
fertilizers by Indian farmers lodging has become a serious problem. 
An interesting feature emerging from the data is the occurrence of a 
high frequency of viable mutations in 6x wheat in contrast to the 
practically complete absence of chlorophyll mutations. The present 
data are in accord with the observations of earlier workers such as 
DELAUNAY (1934), GUSTAFSSON (1947), MacKEy (1954a and b) and 
NATARAJAN et al. (1958). 

A comparison of the relative frequency of occurrence of viable and 
chlorophyll mutations in the material studied throws light on the 
frequency of occurrence of duplicate factors in the polyploid species. 
The data from the different treatments have been pooled in the 
following Table. 


Percentage of M; families segregating 
for mutation 


atd Total number Chlorophyll Viable 
of mutations mutations mutations 
T. monococcum 19.4 19.4 0) 
T. dicoccum 1.8 1.8 0 
T. aestivum 39:9 2e 37.8 
H. vulgave 2x 42.3 28.1 14.2 
H. vulgave Ax 8.3 0 8.3 


ee 
From the above data, it is clear that 4x barley illustrates very well 


the principle that reduplication of genes has a buffering effect which 
enables the polyploid to tolerate greater radiation damage and to 


… 
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exhibit fewer mutations than the diploid. But when we consider the 
Tyiticum series, three facts are immediately obvious. First, 2x wheat 
throws out nearly all chlorophyll mutations. Secondly, 4x wheat also 
gives rise only to chlorophyll mutations but at a reduced frequency 
in comparison with 2x wheat. Thirdly, 6x wheat produces a high 
frequency of viable mutations and only rarely, a few chlorophyll 
mutations. Thus, the behaviour of 2x and 4x wheats are comparable 
to those of 2x and 4x barley while 6x wheat behaves as an auto- 
polyploid with regard to chlorophyll mutations and a diploid as 
regards morphological mutations. While we were unable to locate 
many morphological mutations in 7. monococcum, SMITH (1936, 1938) 
and YAMASHITA (1957) have obtained several mutations in varieties 
of this species. Nevertheless, it is obvious that the rate of observable 
morphological mutations is very high in 6x wheat in comparison with 
2x wheat. It thus seems that bread wheat combines the characteristics 
of a polyploid with regard to viability in the face of even drastic 
intra-genic and intra and inter-chromosomal changes induced by 
radiations (an ability which 2x wheat apparently lacks) and of a 
diploid with regard to the ease with which phenotypic changes can be 
manifested. This double advantage leads to what has been described 
by GUSTAFSSON (1947) as the setting in of “a mass mutating’’ effect 
following irradiation of seeds of bread wheat. It is also of interest that 
a majority of the induced viable mutations in bread wheat seem to be 
related to the manifold effects of the “OQ” factor in chromosome IX 
as has been clearly shown by MacKev (1954 b). Chromosome IX 
belongs to the A genome of wheat (SEARS, 1954, has numbered 
the A and B genome chromosomes from I to XIV and the D genome 
chromosomes from XV to XXI) and the instability of this chromosome 
may probably be a later development since such an unstable effect is 
not seen in the existing A B genome species. 

As far as bread wheat is concerned, the polyploid state is clearly 
an advantage in mutation breeding work. STADLER (1931) did not 
ignore the advantages conferred by polyploidy in mutation breeding, 
though he observed a great drop in the chlorophyll mutation frequency 
with increasing polyploidy. He anticipated that “the great decrease 
in mutation frequency in the economically valuable species with the 
triple chromosome number may not be entirely a disadvantage in 
possible practical applications of induced mutation. If the treatment 
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is used to induce a change in a specific character known to be dependent 
on a single dominant gene, the change for the desired mutation is 
presumably as good in the polyploid species as in the diploid”. He 
also stated that variation caused by chromosome structural changes 
would be increased rather than decreased by polyploidy because of 
(1) the viability of the genotypes resulting from various chromosome 
irregularities which would be lethal in the diploid species and (2) the 
increased number of chromosomes which may be affected. The correct- 
ness of these views has been amply borne out by subsequent research. 

Chromosomal radiosensitivity: CONGER & JOHNSTON (1956) have 
recently studied the effect of irradiating a single Tradescantia paludosa 
flower bud which contained a mixed population of haploid and diploid 
microspores with 500 r of X-rays while the cells were in post-meiotic 
interphase. When they calculated the number of chromosome aber- 
rations per cell during the microspore mitotic division, they found 
that the diploid cells had exactly twice as many aberrations as the 
haploids i.e., the aberration frequency per chromosome was the same 
in haploid and diploid cells. They hence concluded that the space 
over which chromosome breaks can interact to produce an exchange 
is very lmited. This observation was confirmed by SWAMINATHAN & 
NATARAJAN (1957) in diploid, tetraploid and hexaploid strains of 
wheat with X- and @- irradiations. However, with fast neutrons the 
hexaploid strain showed approximately 10 times the number of breaks 
per 100 g of chromosome length as the diploid or tetraploid species. 
Thus, in this system the aberration frequency appeared to be inde- 
pendent of ploidy when LET was low but was a function of both 
ploidy and LET when LET is greater than that for P32 beta radiation 
or X-rays. 

The relationship between polyploidy and chromosomal radio- 
sensitivity has been studied in 2x, 4x and 6x wheats by SMITH (1943, 
1946), FRÖrrr et al. (1941) and MARSHAK & BRADLEY (1944). 
SMITH (1946) observed that the frequency of translocations in ir- 
radiated 2x, 4x and 6x wheats is greatly increased with each increase 
in chromosome number. MARSHAK & BRADLEY (1944) recorded that 
chromosome aberrations increased with an increase in chromatin 
length while mitotic inhibition and lethality decreased with an 
increase in chromosome number but not length. Similar higher 

absolute frequencies of aberrations in polyploids have been obtained 
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for diploid versus autotetraploid maize (KONZAK & SINGLETON, 
1952), barley (SMrrH, 1946) and rye (GELIN, 1953; MIKAELSEN, 1958). 
SAX & SWANSON (1941) found that haploid microspores of 7ra- 
descantia are twice as sensitive as diploid microspores with respect to 
the production of chromosomal aberrations by a given dose of X-rays. 
BrsHoe (1952) studied the X-ray sensitivity of 2x and 4x species of 
Tradescantia at two different resting stages during the development 
of the microspore and found that the nuclear stage at which irradiation 
is done influences the relative chromosome aberration yield. 

CONGER & JOHNSTON (1956) have suggested that the results of 
different workers in which radiation sensitivity of cells of polyploid 
plants has been found to be greater or less than comparable diploids 
are attributable to intrinsic differences in species sensitivity rather 
than to the effect of polyploidy itself. 

During the present investigation, the effects of irradiation on the 
nucleus were studied both cytologically and cytochemically in an 
auto- as well as an allo-polyploid series. The following were the broad 
indications obtained from the study: 

(1) Diploid and autotetraploid barley have identical chromosomal 
radiosensitivity to various doses of X-rays, extending from 5000 to 
50,000r. A similar result was obtained in the case of fast neutron 
radiation also. These results are thus similar to those found in 77a- 
descantia paludosa by CONGER & JOHNSTON (1956). 

(2) Microspectrophotometric measurements of DNA content of 
nuclei in 2x and 4x barley irradiated with 11,000 r of X-rays showed 
that the percentage of reduction did not differ significantly in the two 
cases at all stages of analysis. With thermal neutron irradiation, 
however, the percentage of reduction was much higher in 4x barley 
than in 2x barley (see Table 32, BHASKARAN & SWAMINATHAN, 1960). 

(3) In the case of 2x, 4x and 6x wheats, it was found that the 
number of chromosome breaks per unit chromosome length caused by 
X-irradiation was not significantly different upto a dosage of 25,000 r. 
At 30,000 r, 6x wheat had a slightly higher frequency of aberrations in 
comparison with the diploid, while diploid and tetraploid wheat 
showed no such difference. In fast neutron treatments, there was no 
significant difference between 2x and 4x wheats as regards chro- 
mosomal radiosensitivity. Hexaploid wheat, on the other hand, 
showed a significantly higher frequency of aberrations than the 
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diploid and tetraploid, thus lending support to the earlier observations 
of SWAMINATHAN & NATARAJAN (1957). 

(4) With 11,000 r of X-rays, the DNA content showed the greatest 
reduction in 6x wheat. The diploid had a significantly lower percentage 
of reduction in comparison with both the tetraploid and hexaploid. 
The extent of reduction in the tetraploid was intermediate between 
that observed in 2x and 6x plants. The hexaploid and tetraploid had a 
significantly higher percentage of reduction in DNA content in com- 
parison with the diploid in the case of thermal neutron irradiation. 
As in the case of X-rays, 6x wheat was affected most and 2x wheat 
the least with 4x wheat occupying an intermediate position. 

(5) At meiosis in microsporocytes there was an increase in multi- 
valent frequency with an increase in dosage of fast neutrons in te- 
traploid and hexaploid wheats. In diploid barley 2 cells out of 65 cells 
showed quadrivalents, while tetraploid barley showed a decrease in 
multivalent frequency. But from the meiotic data no relationship 
between polyploidy and radiosensitivity could be ascertained. 

From the foregoing it appears that the relationship between ploidy 
and chromosomal radiosensitivity is more well defined in the case of 
the autotetraploid series. Except in the case of DNA measurements in 
thermal neutron irradiated material which showed a higher radio- 
sensitivity of 4x barley, 2x and 4x barley showed an identical response 
both as regards radiation induced chromosome aberrations and 
reduction in DNA synthesis. Whether the difference observed in 
thermal neutron treatment can be ascribed to LET effects or not can 
only be determined by further experiments. 

In the case of 2x, 4x and 6x wheats, the results with regard to the 
frequency of chromosomal aberrations induced by X-rays and fast 
neutrons are comparable to that found in 2x and 4x barley when we 
take only 2x and 4x wheats into consideration. When 6x wheat is 
also included in the comparison, it is seen that it has a significantly 
higher frequency of aberrations at the X-ray dose of 30,000 r and with 
all doses of fast neutrons. When reduction in DNA content is used as 
an index of radiosensitivity the hexaploid is again affected to a sig- 
nificantly higher extent than either the diploid or tetraploid both in 
X-ray and thermal neutron treatments. The tetraploid is also sign- 
ificantly more sensitive to thermal neutrons in comparison with the 
diploid. Thus, both the cytological and cytochemical data suggest 
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that hexaploid wheat is more sensitive to higher doses of X-rays and 
to fast and thermal neutrons than the diploid and tetraploid. While 
with slight deviations the diploid and tetraploid have more or less 
identical radiosensitivity, the hexaploid is consistently more sensitive 
particularly to radiations with higher LET. 

It was pointed out earlier that DNA measurements lend confidence 
to the use of metaphase chromosome length for calculating the total 
length of the chromosome complements of 2x, 4x and 6x wheats. It 
was further shown that the ratio of chromosome lengths and the total 
but is 1 : 1.5 : 1.9. Thus the chromosomes of the 4x and 6x genomes 
in wheat are relatively shorter in total length than those of the 2x 
genome. It is now well established that plants with large chromosomes 
such as Tradescantia, Lilliwm and Victa are more sensitive to radiations 
than plants with small chromosomes (NiLAN, 1956; ÖSTERGREN ef al, 
1958). On this basis, the 6x and 4x wheats should be less and not 
more sensitive to radiations in comparison with the diploid when 
the frequency of aberrations per unit length of chromosomes is used 
as the criterion for comparison. 

From the various kinds of data obtained during the present study 


TABLE 16. Radiation sensitivity of wheat species and diploid and tetraploid barley 
(arranged in the decreasing order of sensitivity). 


fl, Criterion diet: ane Wheat* Barley* 
1. Survival of seedlings X-rays 2x, 4x 6x 2x, 4x 
Fast Neutrons 2x, 4x, 6x 2x 44 
2. Growth inhibition X-rays 2x, 4x, 6x 2x, 4x 
Fast Neutrons 2e Ak EE 2, IE 
3. Seed fertility X-rays 25. JX, 6X 4x, 2x 
4. Chlorophyll mutation X-rays 2d nbr 2x, 4x 
frequency 
9. Viable mutation frequency X-rays 6x, 44 2x 2x, 4x 
6. Chromosomal radio- N-rays (upto 24 44 6x 24 44 
sensitivity 25,000 r) 
X-rays (30,000 r) 6x, 4x 2x 24 JA 
Fast Neutrons 6x, 44 2x 24 4X 
7. DNA synthesis X-rays (11,000 r) 6x, 4x, 2x 2x AX 


Thermal Neutrons 6x, 4x 2 4x, 2x 


*) Italics indicate identical sensitivity. 


RADIOSENSITIVITY, 2. SURVIVAL, FERTILITY, MUTATION 237 


(summarized in Table 16), there seems to be a close parallelism between 
the viable mutation frequency and chromosome sensitivity data in 
wheat species. The mutation frequency relationship between 2x and 
4x wheats is fairly similar to that observed in diploid and autotetra- 
ploid barley. In 6x wheat, on the other hand, a combination of the 
effects of duplicate factors at many loci and of functional diploidy 
in others seems to lead to a unique situation resulting in the occurrence 
of a large number of viable mutations in the hexaploid plant. The 
chromosome aberration data also indicate that the D genome may be 
responsible for introducing an element of greater radiosensitivity in 
bread wheat. Thus, the use of an allopolyploid series in studies of this 
kind might create differential radiosensitivity problems and render 
the analysis of data and the formulation of a statistical relationship 
between ploidy and radiosensitivity difficult. From a phylogenetic 
point of view, the demonstration of differences in the radiation 
‘sensitivity of different genomes of an allopolyploid is no doubt 
of great interest. Par & SWAMINATHAN (1960) have studied 
both the relative chromosomal radiosensitivity and mutation fre- 
queney in strictly comparable experiments in 7. monococcum, Aegilops 
speltoides var. ligustica and Aegilops sguarosa, which are now assumed 
to be the A, B and D genome donors respectively (KIHARA & 
LILIENFELD, 1949, MCFADDEN & SEARS, 1946 and SARKAR & 
STEBBINS, 1956). Their data indicate that Aegilops squarrosa is com- 
paratively more radiosensitive than the others. Though it is difficult 
to directly extrapolate these results to the situation found in present- 
day varieties of T. aestivum, it seems quite likely that differences in 
radiosensitivity existing among the different genome components of 
T. aestivwm are responsible to a large extent for the observed greater 
radiation sensitivity and mutability of this species. Such differences in 
genome sensitivity are not surprising since there are several instances 
of differences in radiosensitivity even among different genotypes of 
the same species (LAMPRECHT, 1956 and 1958; GELIN et al., 1958). In 
addition to revealing differences in the radiation sensitivity of the 
different genomes in Triticum species, the results of the present study 
also suggest the possible existence of a specific genome — LET in- 
teraction. 
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II. Polyploidy and Mutation Breeding. 

STEBBINS (1950) has clearly shown that it is not possible to classify 
the large number of naturally occurring polyploid plants into one or 
two rigidly contrasting categories and that numerous combinations of 
the basic patterns of auto- and allo- polyploidy are possible. He 
(STEBBINS, 1957) has thus given the following classification of the 
polyploid nature of some crop species: 


‘mm 


Type of polyploid Examples 
Intervarietal autopolyploid Orchard grass (Dactylus glomerata) 
Autopolyploid varying towards Alfalfa (Medicago sativa) 

segmental allopolyploid Potato (Solanum tuberosum) 
Segmental allopolyploid Peanut (Arachts hypogaea) 
Allopolyploid, but nullisomics Wheat (Triticum sp.) 
and genomic substitution tolerated 
Allopolyploid, whole chromosome Tobacco (Nicotiana tabacum) 
deficiencies tolerated 
Strict allopolyploid, only segmental Cotton (Gossypium hirsutum, 
deficiencies tolerated G. barbadense) 


In view of the occurrence of such a diversity in the extent of genic 
and chromosomal duplication among different polyploid plants, it is 
impossible to state in a generalised way what the effect of the polyploid 
condition will be on the prospects of obtaining viable mutations in 
them. STADLER (1930), though sceptical concerning the chances of 
getting viable mutations in polyploid plants, was nevertheless quite 
hopeful about the prospects of inducing mutations affecting characters 
governed by non-duplicated loci. As far as the frequency of visible 
mutations is concerned, there will naturally be variation in the 
different types of polyploids (SWAMINATHAN, 1957). Autopolyploids 
may yield a very low frequency of mutations, as is clear from the 
results obtained by us in autotetraploid barley. However, such strict 
autopolyploids do not occur in nature and the current commercial 
varieties of a plant like potato, which probably had an autotetraploid 
origin (SWAMINATHAN, 1954 a and b), behave more as segmental allo- 
tetraploids. By using suitable techniques it is possible to obtain 
mutations for several characters in the potato (HowArD, 1958; 
SWAMINATHAN & APPA Rao, 1959). 

Bread wheat is ideal for mutation studies since it seems to have 
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a polysomic constitution as regards factors controlling several physi- 
ological and metabolic characters and a disomic genotype as regards 
many morphological characters. Thus, it exhibits the unique ability 
to survive gross intra- and inter- genic changes and to yield a wide 
range of phenotypic variation following irradiation. Another great 
advantage encountered in bread wheat as well as potato is that simple 
deletions of epistatic genes result in beneficial mutations. Thus, 
deletion of the B; or Bz locus leads to the origin of awn development 
in many bread wheat varieties which are normally just tipped and 
these fully awned mutants are in some instances of great plant 
breeding interest (Par et al., 1956). The value of mutation breeding 
in hexaploid oats and wheat has also been definitely established by 
MacKey (1954 a). On the other hand, emmer wheat seems to behave 
more as an autotetraploid and yields very few mutations. However, 
this conclusion may be premature since the extensive work that has 
been carried out in varieties of bread wheat is yet to be done in varieties 
of 7. dicoecum and T. durum. 

Promising mutations have been reported in tobacco and cotton and 
the first instance of an induced mutant used in practice seems to 
belong to Nicottana tabacum (Borg et al., 1958). TOLLENAAR (1938) 
has described several mutations in this species and an induced chlorina 
mutation was highly esteemed in Indonesia on account of its beautiful 
light leaf colour. Some promising mutations in tobacco varieties have 
also been isolated at the Indian Agricultural Research Institute and 
chromosome structural changes are both tolerated and occasionally 
beneficial in this tetraploid species. In tetraploid upland cotton 
(Gossypium hirsutum), HORLACHER & KirroucH (1933) and SIKKA 
et al. (1956) have described interesting changes in irradiated material. 
Though Menzer & BROWN (1954) could find evidence only for the 
viability of small deficiencies and duplications in irradiated G. hirsu- 
tum material, KAMMACHER et al. (1957) have described a quadruple 
monosomic plant in this species. Apparently G. hirsutum can tolerate 
the absence of certain large chromosomes (presumably belonging to 
the A genome) without any adverse effect on viability. Thus, upland 
cotton may also have to be coupled with tobacco in the list of STEB- 
BINS given earlier. However, such monosomic plants are completely 
sterile. The results obtained at the Indian Agricultural Research 
Institute in varieties of G. hirsutum and G. barbadense show that the 
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induced variation is largely of a polygenic nature. It seems likely that 
such allopolyploid plants will be very suitable for the induction and 
study of polygenic variation on the lines of the work done by BUZZATI- 
TRAVERSO & ScossirorI1 (1958) in Drosopmla. The strikingly high 
vielding mutations obtained by GREGORY (1957) in Arachis hypogaea, 
which is a segmental allotetraploid, lend support to the view that in 
polyploids the increased genetic variability which results after 
treatment with ionizing radiations in polygenically controlled charac- 
ters is quite readily expressed in the form of viable mutations. In 
N. tabacum, Easr (1935) observed even in control populations a 
surprising amount of new variability, probably resulting from 
spontaneous mutation for polygenic traits. Irradiation enhances the 
extent of incidence of such variability (SWAMINATHAN & PATEL, 
1961). We may hence conclude from the available experience that the 
outlook for inducing mutations affecting characters controlled both 
by single genes and polygenes in polyploid plants is definitely hopeful. 
For obtaining positive results, it will, however, be necessary to gain a 
thorough understanding of the cytogenetic make-up of the plant under 
study and adapt the screening and breeding procedures adopted in 
the irradiated population to suit the needs arising from the individu- 
ality of the plant species concerned. 


V. SUMMARY 


L."The effect of polyploidy on sensitivity to a wide range of X-rays 
and fast and thermal neutrons as measured by the frequency of 
chromosomal aberrations per unit length of chromosome, chromosomal 
aberrations at meiosis and DNA synthesis was reported in an earlier 
communication (BHASKARAN & SWAMINATHAN, 1960). Observations 
recorded on the survival, morphological characters, pollen- and seed- 
fertility of plants of the M, generation and the frequency of chlorophyll 
and viable mutations in the Ms generation are presented in this paper. 

2. Germination and survival: 2x and 4x plants of barley showed 
identical germinability until a dose of 50,000 r of X-rays. At this dose, 
4x barley showed 60% germination in contrast to the 40% found in 
the 2x plants. With Fast neutrons, germination in 4x barley was 
affected to a slightly greater extent in comparison with 2x barley. 
In the wheat series, there was no marked difference in germination 
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percentage in all the X-ray dosages below 35,000 r. At this dosage and 
above it, the diploid was more affected than the tetraploid and 
hexaploid. While with X-rays, the 4x and 6x species had identical 
radiosensitivity, the 4x plants were affected to a much larger extent 
than the 6x ones when fast neutrons were used. 

3. Growth inhibition and morphological changes in the My generation: 

The extent of inhibition in growth as measured by height of plants 
decreased with increase in ploidy. Besides inhibition in growth, no 
other phenotypically detectable change occurred in 2x and 4x wheat. 
In 2x barley and 6x wheat a few chimeras relating to chlorophyll 
development, plant habit, shape of spike and awn expression were 
found, probably caused by small chromosome deficiencies. The 
phenotypic uniformity of all parts of the speltoid, compactoid and 
long tipped spikes observed in a few tillers of some My bread wheat 
plants suggests that each such spike may be derived from a single cell. 

4. Seed fertility: In the wheat species, the diploid showed the 
greatest reduction in fertility and the hexaploid was not affected at 
any of the dosages given. In barley, there was a considerable reduction 
in fertility in the irradiated tetraploid in comparison with the control 
which could be due to the formation of higher multivalent configu- 
rations such as octavalents. 

5. Frequency of mutations in the Mo generation: The chlorophyll 
mutation frequency registered a steep drop with an increase in ploidy. 
No chlorophyll mutations occurred in 4x barley. While few morpho- 
logical mutations could be detected in 2x and 4x wheats, a wide range 
of phenotypic variation occurred in 6x wheat. The mutation frequency 
relationship observed in 2x and 4x wheats is fairly similar to that 
found in 2x and 4x barley. In 6x wheat, on the other hand, a combi- 
nation of the effects of duplicate factors at many loci and of functional 
diploidy in others seems to result in a unique situation leading to the 
occurrence of a large number of viable mutations. From the mutation 
frequency and chromosome aberration data, it seems likely that the 
D genome may be responsible for introducing an element of greater 
radiosensitivity in bread wheat. 

6. Polyploidy and mutation breeding: From the data now available, 
the outlook for inducing viable mutations affecting characters 
controlled both by single genes and polygenes in polyploid plants 
of various categories is very hopeful. To achieve positive results, 
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however, it is necessary to gain a thorough understanding of the 
cytogenetic make-up of the plant and to adapt the selection and 
breeding techniques employed in the irradiated population to suit 
the needs arising from the individuality of the plant species concerned. 
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Vigna sinensis, popularly known as cowpea, catjang bean and 
yard-long bean, has been a favourite material for genetical studies. 
Inheritance of a wide range of colourations and colour patterns and 
several morphological characters has been investigated. Our study 
of the pigmentation patterns in the vegetative and reproductive parts 
has besides giving new information necessitated reinterpretation of 
some of the previous conclusions. In addition, inheritance of some 
new characters such as greenness of fruits, swelling of stem, and 
nature of inflorescence has also been studied. 


REVIEW OF PREVIOUS WORKS 


HARLAND (1920) proposed 3 Mendelian factors for the seed colours, 
B (black), N (buff) and M (maroon), which by their interaction in 
the presence of the general colour factor R produced black (RB—), 
brown (RoNM), buff (RoNm), maroon (RbnM), red (Rbrum) and white 
(r—-). SAUNDERS (1959) supported the constitutions of these geno- 
types and reported that the purple seed was dominant or epistatic 
over the other colours and designated its constitution as PR. According 
to SPILLMAN and SANDO (1930) six factors; R (general colour factor), 
N (anthocyanin factor), P (purple), F (blue), B (brown) and U (buff) 
by their interaction give rise to purple (RNP), black (RNBU), dull- 
black (RNB), blue (RNFU), red (RN), coffee (RBU), maroon (RB), 
buff or clay (RU), pink (R) and white (r—). CAPINPIN (1935) interpreted 
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his results on the inheritance of three seed colours with two factor 
pairs, blue (BC), brown (Bc) and white (bC and bc). CAPINPIN & 
IRABAGON (1950) reported that pale-purple-drab seed was dominant 
over the dark-corinthian-purple colour. KRISHNASWAMY ef al. (1945) 
found that the khaki colour was incompletely dominant over brown 
and proposed a new gene symbol Ah. BRITTINGHAM (1950) reported 
that in the presence of R, the factor Bu changed maroon seed to buff. 

The important types of mottling of seed coat are New Era, Taylor, 
Whippoorwill, Wild, and Blue. HARLAND (1919) found that the New 
Era pattern was due to the factor E. According to SPILLMAN & 
SANDO (1930) the factor D produces New Era type, T' less dense 
speckling characteristic of Taylor, F the fine dense speckling of Blue, 
S the factor for black spotting in Wild type, and W for the Whippoor- 
will type of marking. They suggested the following genotypes: Blue 
(FNRU, NRTFUX), New Era (DNRU), Taylor (NRTU), Whip- 
poorwill (RUW), and Wild (NRSTUW). KRISHNASWAMY et al. (1945) 
distinguished another factor smoky responsible for minute dots on 
brown or maroon background dominant over non-smoky (Sm-—sm). 

For the. different characteristic eye-colour patterns, HARLAND 
(1919) proposed the factors W for Watson eye, Hi & He for Holstein 
eye, and the big eye was produced in heterozygous condition. Later, 
he showed that the factor D for violet flower converted small eye to 
Watson eye and Holstein eye to selfcolour, and in 1922 reported 
another eye colour the very small eye (y). SPILLMAN & SANDO (1930) 
interpreted their results with three factors, / (Watson), H (Holstein) 
and E (Narrow); the genotypes being Watson (Llhhee), Holstein 
WH Hee), big liHHee or ùHHEe), narrow (HhhEE), small (L1HHee) 
and very small (LIAhEE or úHHEE or IIHHEE). They also proposed 
a factor G for the conversion of Holstein spots into numerous small 
ones. SMITH (1956) proposed W for Watson, H for Holstein, the 
genetic constitution being Self colour (W-H-), Watson (WWhh), 
Holstein (wwHH) and Small (wwhh). 

In the vegetative parts the presence of anthocyanin pigment 
according to HARLAND (1920) was due to a factor X dominant to its 
absence. According to SPILLMAN & SANDO (1930) N was the general 
pigment factor, which determine the anthocyanin in stem and leaves, 
and can express only in the presence of the general colour factor R. 

In flower colour, HARLAND (1919) distinguished deep-reddish- 
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violet, pale-violet and white, and suggested the factors D and L for 
dark and pale flowers respectively; the #7 plants gave white flowers. 
In 1920, he proposed a third factor G responsible for the tinged type 
of flower recessive to D. To these, KRISHNASWAMY ef al. (1945) added 
another factor S4 responsible for the spread of the purple pigment 
on the dorsal surface of the standard petal. HARLAND (1920) further 
observed that the factors E for the New Era mottling of seed and B 
for black seed coat were responsible for colour on calyx and peduncle. 

In pod colour, HARLAND (1920) concluded the factor P res- 
ponsible for purple pod, and the factors B and E for seed colours 
also produced pigment at the tip of the young pods. According to him 
the factors P, B and E formed an allelic series with decreasing order 
of colour intensity. CAPINPIN & IRABAGON (1950) found that the 
pod colour varying from anthracene-purple to raisin-black to be 
monogenically dominant over the yellowish-green. According to 
KRISHNASWAMY ef al. (1945) two complementary factors Jj and Jz 
gave straw-yellow fruit; and in the presence of a third factor CB, 
gave cocoa-brown fruit. MORTENSEN & BRITTINGHAM (1952) re- 
ported the following multiple allelic series in order of decreasing 
dominance: PP purple in the presence of R and drab in its absence; 
p?— red-tip-straw in the presence of R and straw in its absence; and 
p— straw irrespective of the presence of R. To explain the observed 
13 : 3 ratio in the cross drab x straw (rr), another gene K was as- 
sumed which produces drab colour in homozygous recessive condition 
causing one-fourth of the straw genotypes to express drab colour. 
KRISHNASWAMY et al. (1945) studying the intensity of greenness in 
unripe pod concluded that green was monogenically dominant over 
light-green (Lg-lg). 

Among the other characters, SPILLMAN & SANDO (1930) assumed 
the presence of a factor A for alfalfa type of pod dominant over the 
normal straight or slightly sickle-shaped pod. KRISHNASWAMY ef al. 
(1945) proposed the complementary factors Pa, and Paz for the 
smooth pod, the absence of either of them resulted in wrinkled pod. 
They also reported monogenic dominance of the solid seed over 
hollow (Hs-hs), and tight testa over the loose one (Lt), a recessive 
chlorophyll-deficient lethal, the xantha seedling (x„), a recessive 
factor (ax) which activated growth of the cotyledonary buds, a 
dominant factor (Poot) determining a rare type of cotyledon colour, 


250 NIRAD K. SEN AND J. G. BHOWAL 


purple on drying, and the common ovate leaf recessive to lanceolate 
shape (L-4). In the habit of the plants, BRITTINGHAM (1950) observed 
that the climbing type was dominant over bush one (T-#). SAUNDERS 
(1952) reported two pairs of lethal genes (Lily and Lo-l2) causing 
death of seedlings at different stages of growth. 


MATERIALS AND METHODS 


Seeds of 65 varieties of cowpea, catjang bean and yard-long bean, 
representing the three sub-species of Vigna sinensis were collected 
from the different Agricultural Stations of India and also from 
U.S.A., Australia, Venezuela and Israel and grown in short rows. 
The following varieties with contrasting characters were selected and 
progenies of single plants tested for their true breeding nature: 
Cowpea — Allahabad, Borneo, Punjab 31, Red and Tanganyika 
(India), Giant (Australia), Kadourie (Israel) Orinoco (Venezuela); 
Catjang bean — Barabazar and Punjab 47 (India), Poona (Australia) ; 
Yard-long bean — Kharagpur, Globe and Philippine (India). 

Anthesis was seen to take place between 8 to 10 p.m. before the 
flowers opened. For hybridization the buds due to open the next 
morning were emasculated in the previous afternoon and were 
pollinated next morning. Oil-paper bags of 2” x 2 size were found 
to be suitable for bagging the flowers. Progenies of 2-6 F; plants were 
grown to study the frequencies of different segregating types, but 
the pooled data have been presented. 


OBSERVATIONS 


Among our collection, next to seed colour, maximum diversity was 
seen in the fruit-colour patterns. Moreover, the latter were seen to be 
directly correlated with the colour patterns in other organs and it 
has been possible to show that many of them were the effect of these 
fruit-colour genes. The colour patterns were more conspicuous and 
varied in unripe fruits and it was easier to correlate the effect of fruit 
colours with colours on other parts at this stage than at the ripe stage. 
Inheritance of the following six unripe fruit colour patterns was 
studied: 


|_ Green — Purple pigment completely absent. 
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2. Purple tip — Purple pigment localized at the fruit tip. In this type 
considerable variation in the surface covered and intensity of the 
colour was observed. In Punjab 31 numerous purple spots occur 
at the tip of the green pod, in Poona bright-purple colour extends 


TABLE 1. Inheritance of fruit colour patterns 
en 


Parental FE 5 
characters É Fa X 
Gre Pet Pit (LE) ar KES (Sel) 
Ph. Poona 150 48 0.060 
All. Bor. 149 57 0.782 
Kad. Bor. Det 85 of 0.182 
EEn Beel) REEN rs (also) 
Bar. Kad. 180" pt53 0.649 
GPS. PE) DS MESEN Ge (lt) 
Ph. Khar. 66 126 77 1.609 
GROND, Be (EN VE ah il gt ri (2e) 
Ph. Giant 66 118 — 50 2.204 
(3:6:3:4) 
Kad. Giant 19 49 26 30 1.267 
GDP. A.p. P: Ap. Bep MEt eG (94272959116) 
Kad. Red OBrIe7 9 47 lS S0 
EIO Piv. Pv (LE) re A (3:1) 
Pu. 31 Or. 251 102 2.856 *) 
PIE XB. P.g. (L) Pee en(DaeP:t (Del) 
Poona Giant SZielk01 35 4.557 
Este Ps A.p Ape: Pap: (IASB) 
Bor. Red 148 63 59 14 4.061 
BEVA Dg. P.g. (L) Lef BRE (321) 
Or. Giant 127 49 0.757 
Box P. A.p ASD RES Bi: (9:3:351) 
Giant Red 150 41 ol 10 3.702 


(et 
G. = Green; P.t. = Purple tip; P.s. = Purple suture; P.g. = Purple with green 
sutures; P. = Purple; A.p. = Almost purple; F.p. — Faintly purple ventral 
suture and lip; P.v. = Purple ventral suture; (L) — Light coloured 


Abbreviations of variety names: Ph. = Philippine; All. 


— Allahabad; Bor. = 


Borneo; Kad. — Kadourie; Bar. — Barabazar; Khar. = Kharagpur; Pu. = 
Punjab; Or. —= Orinoco ; 
*) P — 0.05-0.10; the other P-values are larger than 0.10. 
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about 3-5 mm. from the tip, and in Borneo the colour is darkest 
and extends to about 1 cm. from the tip followed by minute spots. 

3. Green fruit with purple ventral suture — The pigment confined only 
to the ventral suture. 

A. Green fruit with purple suture — Both sutures coloured, the ventral 
one being darker, tip purple and a few small purple patches 
scattered on the body. 

5. Purple fruit with green sutures — Entire fruit except the sutures 
coloured. 

6. Purple fruit — Entire fruit completely dark-purple coloured. 

The inheritance of fruit colours in different crosses is given in 
Table 1. In general, the Fj plants almost always hada lighter shade 
than the more coloured parent. In the Fs a much wider range of colour 
patterns could be seen, but often they had to be grouped together 
since environmental factors considerably affect the pigment develop- 
ment. The following recombination types were recovered: 

1. Faintly purple ventral suture and tip on green fruit. 

2. Almost purple. Sutures specially the dorsal one initially green to 
various extent, but turn purple at maturity. 

The results indicate the existence of a multiple allelic series for the 
different colour patterns in unripe fruits. The factor for complete 
absence of pigment (green fruit) was recessive to all types of coloured 
fruits as seen from the segregating ratios of different crosses in group 
I. The purple-tipped fruit was dominant over the green fruit, but 
recessive to both green fruit with purple ventral suture (IT A) and 
purple fruit with green sutures (II B). The green fruit with purple 
ventral suture was dominant over purple-tip and green fruits, but 
recessive to purple fruit with green sutures (III A). The purple fruit 
with green sutures was dominant over all the three types, viz. green 
fruit, purple-tip fruit, and green fruit with purple ventral suture. 
The results also indicate that dominance of the factor for intensity 
of colour in most crosses was incomplete. 

The appearance of the purple-tip fruit in the cross between two 
green fruited plants (LB) and the Fs> segregation into 9 : 7 ratio 
suggest the operation of complementary genes. Inheritance in the 
different crosses with Kadourie indicate that the basic colour gene R 
was absent and it has the constitution 77. Segregating progeny of this 
cross indicate that Kadourie with #7 has the factor for the purple tip, 
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while Barabazar, though it has the constitution RR, was green as it 
lacks the purple tip factor. That the Kadourie has the factor for the 
purple tip was also seen in its cross with Giant having purple fruit with 
green sutures, in which 3/16th of the fruits in Fa were purple tipped. 

In the cross green x green with purple sutures (LC) a monogenic 
difference with incomplete dominance of green fruit with purple 
suture type was observed. As the green fruit with purple suture type 
was not crossed with other fruit colour types, it has not been possible 
to tell about the relationship of this gene with the multiple allelic 
series. From the evidence that the members of the multiple allelic 
series were responsible for increasing the pigmented area on the fruits; 
and that the character with more pigmented area were dominant 
or incompletely dominant over the less pigmented ones, it was 
postulated that the green fruit with purple suture will also be a 
member of this multiple allelic series. 

The completely purple fruit type was not a member of the multiple 
allelic series as seen from the cross purple x purple with green 
sutures (IV A) and purple x purple tip (IIC) in both of which 
digenic ratios were observed. 

The following genes are proposed to explain the results: The multi- 

ple allelic series: p — green fruit; pt — purple tip fruit; p® — green fruit 
with purple ventral suture, and p? — purple fruit with green suture. 
The other are Ps — green fruit with purple suture; ps — green fruit; 
and Pu — uniformly purple fruit; pu — green fruit with faintly purple 
suture and tip, a tentative one from the phenotype of the double 
recessive (bupupp). 
Stem colour: On the basis of the pigmentation patterns on the stem 
the following four types could be distinguished: (1) Completely 
purple, (2) Partly coloured having reddish purple patches on nodes 
and internodes, (3) Purple spots at the nodes and (4) green. The 
intensity of colouration was found to be considerably affected by 
environmental factors. 

From the studies on the inheritance of stem colour patterns it was 
found that the gene Pu responsible for completely purple fruit was 
also responsible for completely purple stem. The gene p? for purple 
_fruit with green sutures gave partly coloured stem, the gene pé for 
_ _ purple tip gave small purple spots at the node, and the 77 plants 
__remained green. 
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In the cross completely purple (Red) x purple spotted (Borneo) 
the Fi, plants had partly coloured stem with many purple patches on 
nodes and internodes. In the F2 four types — completely purple, 
speckled with light coppery-purple pigment, the Fi type with much 
wider range of colouration, and purple spot at nodes — appeared in 
9 :3:3: 1 ratio. In this cross the four types of fruits segregated in 
the same ration (II C) and no recombination type was found. In the 
cross partly coloured (Giant) x green (Philippine) the F, plants had 
partly coloured stem but the coloured patches were smaller. The F2 
plants segregated into 3 partly coloured: 1 green stem as the two 
types of fruits (II A) with no recombination type. In the cross partly 
coloured (Giant) Xx purple spot at node (Poona), the F; plants had 
partly coloured stem but the patches were smaller. The F» plants 
segregated into 3 partly coloured: 1 purple spot at node as the two 
types of fruits in this cross, and no recombination type was recovered. 


TABLE 2. Inheritance of branch-base, petiole-base and flower colours 


Parental 

characters F4 Fs DE Pp 
BRANCH-BASE COLOUR 

Bn SEL Pu. Pos G. (Ss) 

Bor. All. 78 23 0.266 0.5-0.7 
Reciprocal 141 56 r.233 0.2-0.3 
PETIOLE-BASE COLOUR 

Ju SAE Pur Pu. G. (Sk) 

Poona Ph. 172 44 2.468 0.1-0.2 
FLOWER COLOUR 

Vm ele V. V. Jes (Sl) 

Giant Ph. 136 45 0.002 > 0.95 
All, Bor. 154 48 0.164 0.5-0.7 
Ns BAS Pale V. V. Ts W. (9:3:4) 

Bar. Kad. 159 46 72 0.755 0.5-0.7 
Giant Kad. 78 20 ol EAS) 0.5-0.7 
NVE PE: 4 Ek W. (3: 1) 

Bor. Kad. 85 5 0.182 0.5-0.7 
Red Kad. 305 95 0.346 0.5-0.7 


eN ON NN See ee et dte en 
Pu. =-Purple; G. = Green; V. = Violet; T. = Tinged; W. = White 
Abbreviations of variety names: Bor. — Borneo; All. = Allahabad; Ph. = Phi- 
lippine; Bar. — Barabazar; Kad. — Kadourie 
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Branch-base colour: At the base of the primary branches in several 
varieties a broad coloured band of irregular shape could be seen. When 
crossed with a green type monogenic dominance of the branch-base 
colour over its absence was seen (Table 2). It was found that the gene 
pt of Borneo was not responsible for this character but linked with it. 
The only other colour gene besides the fruit colour genes, assumed to 
interpret the results of this study was Pb responsible for the petiole- 
base colour. The gene Pb was found to inherit independently of the 
branch-base colour gene, for which the gene symbols Pbr (purple) 
and #br (green) are suggested. 

Petiole colour: Five types of petiole colours could be distinguished 
(the pulvinus in all cases being green): (1) Completely purple, (2) 
Purple streaks, (3) Purple petiole-base, (4) Purple leaflet-junction 
and (5) green. Two recombination types: (1) Coppery purple, and 
(2) Purple stripes appeared. 

It was found that the fruit colour genes Pu and p9 were responsible 
for completely purple and purple streaks respectively. In the cross 
green X purple petiole-base, the latter was seen to be monogenically 
dominant over green (Table 2). The var. Poona had purple petiole- 
base and purple-tip fruit, both these parts being green in Philippine. 
In the Fs recombination types appeared indicating that pf gene was 
not responsible for the purple petiole-base colour. The gene Pbr 
responsible for the branch-base was present in both the parents. The 
petiole-base colour thus seems to be the effect of a separate gene and 
has been named as Pb-purple petiole base and pb-green petiole base. 

Inheritance of the branch-base and petiole colours showed that 
the genes pbr and pb were linked with the fruit colour gene pé and 
their joint segregation is given in Table 3. 


TABLE 3. Joint segregation of fruit-tip (pt-p) and branch-base (Pbr-pbr); and 
fruit-tip (pt—p) and petiole-base (Pb—pb) colours 


F2 frequencies Recom- 
Parental characters Parental Recombination Total bination 
fraction 


1. pt-Pbr x p-pbr p-Pbr p-pbr pt-Pbr p-Pbr 
Borneo Allahabad 
— Reciprocal 193 60 21 Vid 291 13.54% 


2. pt-Pb X p-pb pt-Pb p-pb p'pb p-Pb 
Poona _ Philippine 136 26 14 19 195 19.91% 
Ee 
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Calyx and Standard Petal colour: All the fruit colour genes pt, p9, Ps 
and Pu, were found to produce numerous purple dots on the calyx, 
and variation in colour patterns except in intensity could not be 
distinguished. The dorsal side of the standard in different varieties 
develop purple colour, which was either restricted to the center or 
spread to nearly half of the surface. The gene p® was found to be 
responsible for the spread of the colour, while p’, Pu and Ps were 
associated with the localization of the pigment. 

Flower colour: Three types of flower colours could be distinguished: 
(1) Violet — reddish-violet pigment uniformly distributed on the 
ventral surface of the standard and dorsal surface of the wings, (2) 
Tinged — light-violet colour localized as streaks on the apical region 
of the standard and uniformly distributed on the dorsal surface of 
the wings: and (3) White. 

Inheritance of flower colours in the different crosses is given in 
table 2. It could be seen that the violet was monogenically dominant 
over tinged and tinged over white; but digenic ratio was obtained 
between violet and white. The absence of pigmentation in the white 
flowers of Kadourie was due to its 77 constitution. To explain the 
monogenic difference between the violet and the tinged flowers 
another allelic pair has to be assumed. It was seen that the plants 
with Holstein type of eye colour, recessive to the self-colour, always 
had tinged flower; and hence it was concluded that they were the 
effect of the same gene: H- self-coloured seed with violet flower 
and /- Hostein-eyed seed with tinged flower. The H-—4 gene for flower 
and eye colours was independent of the fruit colour genes, as both 
violet and tinged flowers could be seen in all the fruit colour parental 
types, and in several crosses independent segregation of flower and 
fruit colours occurred. 

Dry fruit colour: The purple pigment in the fruit undergo changes with 
ripening. In addition to the purple colour, difference in the background 
colours could also be distinguished and accordingly the following 
contrasting colours were recognized: (1) Straw (rr type), (2) Red-tip 
straw (pf type), (3-5) purple fruits of p°, p9 and Pu types, besides (6) 
Brownish-straw; and (7) Amber-straw. As the inheritance of the 
various types of fruit colours due to the purple pigment could better 
be studied in the unripe fruits, only the inheritance of the background. 
colours is presented in table 4. Both brownish-straw and amber-straw 
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TABLE 4. Inheritance of ripe fruit colours besides those due to burple pigment, seed 
colour and eye colour. 
EE 


Parental characters Fi Fa x2 
FRUIT COLOUR hi 
DL B.St B.st. , B.st. St. (3: 1) 
Kad.Bar. 209 84 2.102 

at. Amb.st. Amb.st. Amste mot. (3: 1) 
Kad.Pu. 31 153 70 4.857 *) 
EYE COLOUR 

Bex BH.se, B.se. B.se. B.H. (3: 1) 
Ph.Khar. 201 67 OOOORS) 
Den me. Se. De. ere Bies Eren (CES el) 
All. Bor. 121 33 26 10 12 1.700 
Tang. Bor. 141 34 27 11 8) 4.000 

St. = Straw; B.st. = Brownish straw; Amb.st. = Amber straw; B. = Brown; 


B.H.se. = Brown Holstein self; B.se. = Brown self; B.H. — Brown Holstein; 
ger Sef; Sm.e. = Small eye; W. = Watson; H. = Holstein; Sm. = Small 


Abbreviations of variety names: Kad. — Kadourie; Bar. —= Barabazar; Pu. 
= Punjab; Ph. —= Philippine; Khar. — Kharagpur; All. = Allahabad; Bor. 
= Borneo; Tang. —= Tanganyika 


*) P = 0.02-0.05. 

**) P > 0.99; the other P-values are larger than 0.10. 

were monogenically dominant over straw. The cross brownish-straw 
x amber-straw was not included in the programme. 
Seed colour and colour patterns: Since inheritance of seed colours and 
colour patterns has been studied exhaustively by previous workers, 
initially it was not included in this project. But later it was found 
that some of the observed results gave additional information and 
it is possible to change the gene symbols of eye-patterns to the more 
conventional way. 

It has been stated in connection with the flower colour inheritance 
that the Holstein-eye seed and tinged flower were always associated 
together and recessive to self-colour. Although it was found that all 
plants with Holstein eye had tinged flower, the reverse was not true. 
This is expected as the plants with the genetic constitution for 
Holstein eye may not be phenotypically so due to the epistatic effect 
of other eye-colour factors. However, these factors have no influence 


_on the Holstein-eye gene to bring about localization of coloured area 
in flower. 
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In the cross salmon self x black small-eye the seeds of the F1 were 
black self (Table 4). The F2 progenies had five types of seeds — self, 
Watson-eye, big-eye, Holstein eye and small eye of black and salmon 
colours. If only the self and the eye colour patterns were considered 
without reference to black or salmon colours, the segregation was 
found to conform to 9 self: 3 Watson; 2 big: 1 Holstein: 1 small ratio 
which is in agreement with the results of earlier workers. It was how- 
ever felt that as both Holstein and Watson eye were recessive to 
self-coloured seed they should be given gene symbols 4 and w re- 
spectively. The constitution of the self-coloured seed would be H-W-, 
that of Holstein eye hhW-; and Watson eye H-ww. The big eye will 
be produced only in heterozygous condition Ww and homozygous 
hh, i.e. of the constitution AhWw ; and the small eye in double recessive 
hhww. This explains why all the Ah plants were not Holstein eyed, 
though they all had tinged flower. 

In our collection all the black-seeded varieties had purple-tip fruit. 
In the crosses Allahabad x Borneo and Tanganyika x Borneo, 
black seed and purple tip were inherited together. All the varieties 
with purple-tipped fruit, however, did not have black seeds. In fact, 
the purple fruit tip of the black seeded varieties could be easily 
distinguished from the non-black seeded varieties by its intensive 
pigmentation covering more area. The type producing purple tip fruit 
and black seed (B of HARLAND and p? of MORTENSEN et al). was not 
included in the cross combinations with all the members of the multi- 
ple allelic series of fruit colour gene. But from the two crosses with 
the members of the series it appeared to be one of them. It is very 
likely that the gene pf proposed in this study includes two genes, 
one responsible for non-black seed and less pigmented purple fruit- 
tip and the other for black seed and more pigmented purple tip fruit. 
It may be mentioned that the pigment of black seed is water soluble. 
Colour due to chlorophyll: Three distinct grades of colour due to 
chlorophyll: — (1) yellowish-green, (2) green and (3) dark green, 
most conspicuous in fruit but also distinguishable in leaf, calyx, and 
dorsal surface of the standard were seen. The vellowish-green fruit 
could be detected soon after the pods were set, but the difference 
between the green and the dark green would manifest only after a 
few days. The dorsal surface of the standard was cream coloured in 
the yellowish-green type, and the green and the dark green ones could 
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TABLE 5. Inheritanceof green fruit colour, swollen stem and compound inflovescence 


De te 
Parental Fi Fs x2 P 


characters (SH) 


FRUIT COLOUR 


Dg. Iker Dig. VER 

Ph.Tang. 260 90 1270 0.2-0.3 
Ph.Poona 139 sl 0.342 0.5-0.7 
NR Gr. G. G. de 

Ph.Giant 240 A5 0.237 0.5-0.7 
EEC: D.g. D.g. G. 

Poona Giant 113 40 0.106 0.7-0.8 
Bar.Giant 252 78 0.326 0.5-0.7 
SWELLING OF STEM 

Nen Sw Sw. Sw. N. 

Ph.Tang. 211 88 0.045 0.8—0.9 
Bor.Tang. 175 56 0.001 > 0.95 
INFLORESCENCE 

EST. Si. Se G, 

Poona Giant 137 Bi 0.453 0.5-—0.7 


D.g. = Dark green; Y.g. = Yellowish green; G. = Green; Sw. = Swollen; 
N. = Normal; Si. = Simple; C. = Compound 

Abbreviations of variety names: Ph. — Philippine; Tang. — Tanganyika; 
Bar. — Barabazar; Bor. — Borneo 

be further distinguished by the extent of greenness on the cream 
background. The colour of the leaves, though conspicuously different 
in the parental rows, was difficult to score in the segregating progeny 
as the environmental factors considerably influenced development 
of green colour. Inheritance of these three grades of chlorophyll 
types was therefore studied from the unripe fruits, but other parts 
were also checked for confirmation (Table 5). 

The dark-green colour in all the three parts mentioned above 
was seen to be monogenically dominant over the green and the 
yellowish-green types; and the green in its turn was monogenically 
dominant over yellowish-green. Thus a multiple allelic series con- 
trolling the chlorophyll development in fruit, calyx and dorsal surface 
of standard, and also affecting leaf colour could be distinguished, and 
the following gene symbols are proposed: GP-dark green, G — green 
and g — yellowish green. 
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Cross-sections throuch the fruit revealed that the number of 
chloroplastids per cell, their intensity of colour and size progressively 
increased from vyellowish-green to the dark-green types. In the 
yellowish-green type the chloroplastids were very few per cell and 
yellowish-green in colour, while the chloroplastids in both green and 
the dark-green types were green in colour. There were more chloro- 
plastids per cell in the dark green type. 

Swollen stem: In the var. Tanganyika the stem was considerably 
swollen. The swelling could be seen in the hypocotyl of the seedling 
even at the third-leaf stage. As the plants grew the basal portion of 
the stem swelled considerably and extended upwards to the basal 
branches. Cross-sections through the stem-base showed the presence 
of more layers of parenchymatous cells in the phloem region of the 
swollen type, which were bigger and radially elongated than the 
normal type. The mode of inheritance of the factor for swollen stem 
in crosses with normal stem indicate monogenic dominance of the 
swelling nature (Table 5). The following gene symbois are proposed 
for this character: Sw — swollen stem, and sw — normal stem. 
Compound inflovescence: The inflorescence in cowpea is a simple 
axillary raceme. At the base of the inflorescence, two buds were 
often seen which normally remain dormant, but occasionally develop 
into leafy shoots. In the var. Poona instead of the normal sc'itary 
inflorescence stalk a bunch of flower bearing shoots arise from the 
axil of the leaf. In the initial stages three flowering branches of 
different sizes — one central and two laterals could be seen. The central 
one bloom first, and after fruits were set on it the lateral ones begin 
to develop. These lateral axes bear two tertiary stalks which in their 
turn give rise to quarternary ones and so on. Thus a much branched 
compound inflorescence was produced. All these inflorescences were 
not equally vigorous and some branches did not bear any fruit. In 
general, three or four branches were produced and in the off-season 
when the fruit setting was less as many as 10 to 15 branches were 
seen. ‘The mode of inheritance of the compound inflorescence given 
in table 5 show that it is monogenically recessive to the normal type. 
The following gene symbols are proposed for this character pair: 
C-simple inflorescence, and c-compound inflorescence. 
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DISCUSSION 


In cowpea a multiple allelic series controlling the pigmentation 
(red to violet-purple) patterns in different parts of the plant, but 
most conspicuous in the unripe fruit is present. Six different patterns 
of unripe fruit colour could be distinguished, and it has been possible 
to interpret the inheritance of the purple-—colour patterns in other 
parts of the plant with the fruit colour genes. 

HARLAND (1919) indicated the presence of a multiple allelic series 
controlling pigmentation in fruits of cowpea — P (purple fruit with 
non-black seed), B (purple-tip fruit with black seed) and E (purple- 
tip fruit with New-Era type of seed); the triple recessive bpe had green 
fruit. MORTENSEN et al. (1952) working on the pigmentation in unripe 
fruit confirmed HARLAND's observation that the factors P and B and 
their recessive alleles were members of a multiple allelic series, but 
changed the terminology P to PP, and B to P® and p recessive to 
both. According to HARLAND the genes B and E produce purple tip 
but differed in seed colour. The pf gene proposed in this study seems 
to include both the genes B and E of HARLAND, as it includes two 
groups of plants, one having black seed and darker purple pigment 
covering more area on the fruit tip and the other with purple tip and 
non-black seed, whose relationship with the other members of the 
multiple allelic series were not separately studied. 

The fruit colour multiple allelic series is represented by four 
members: p9 — p” — pf — p; and as the pf gene is likely to include two 
genes responsible for more purple fruit tip and black seed and less 
purple fruit tip and non-black seed, it is postulated that detailed 
study of their relationship may add another member to the series. 

Most of the multiple allelic series show a gradation in the expression 
of their characters, with dominance of each allele over those less 
pronounced and it is also true for this series. The gradation of 
fruit colours — green — purple tip — purple tip and purple ventral 
suture — purple fruit with green sutures — show a progressove domin- 
ance of the member responsible for more coloured area. Though the 
gene for the completely purple fruit is not a member of the series, it is 
not unreasonable to find one in future and so the in P has not 
been used for the top member. 

It has not been possible to study the sela of the gene Ps, 


262 NIRAD K. SEN AND J. G. BHOWAL 


which give purple-coloured sutures on green fruit and monogenically 
dominant over the green fruit, with the other members of the multiple 
allelic series. However, it is allelic to the lowest member of the series 
and may be found in future to be one of them; and in order of domi- 
nance be placed between p® and p9. This postulation is based on their 
relative effect on the pigmented area. 

A case of reversal of dominance with maturation of the fruit has 
been observed with regard to the genes p? and p°®. The gene p9 pro- 
duces purple fruit with green sutures at unripe stage and darker 
purple fruit with green sutures at the semi-ripe stage, and the gene 
p® produces green fruit with purple ventral suture at the unripe stage 
and completely violet-purple fruit at the semi-ripe stage. The hybrid 
pIp® had purple fruit with green sutures at the unripe stage indicating 
the dominance of p? and completely violet-purple at the semi-ripe 
stage indicating the dominance of p®. 

It has been possible to trace the colour patterns in stem, petiole, 
calyx, dorsal surface of the standard to the effect of the fruit colour 
genes. Thus the gene Pu produces uniformly purple stem, stem-base 
and petiole; p9 produces partly purple stem, stem-base and purple 
streaked petiole; and pf produces purple spotted node. That the colour 
genes have effect in more than one part of the plant has been reported 
by previous workers. HARLAND (1919) observed that all the three 
genes B, P and E, produce colour in calyx, peduncle and fruit tip 
and SPILLMAN & SANDO (1930) considered the factor N (general 
anthocyanin pigment factor), as determining the development of 
pigment in stem, leaf and petiole. 

As most of the variation in colour of other plant parts could be 
explained by the fruit colour genes, only a few more need to be 
assumed in this investigation to explain their mode of inheritance of 
colour patterns. They are the gene Pbr, which produces an irregular 
purple band around the branch-base; the gene Pb which produces 
purple stripes at the base of the petiole and above the pulvinus, both 
in homozygous recessive condition. The genes Pbr and Pb are seen to 
be linked with the gene pt with a recombination fraction of 13.54 
between pt and Pbr, and 19.91 between pt and Pb. 

The discussion given so far to explain the different types of segre- 
gation ratios is based on the assumption that the basic colour gene 
R is present in both the parents. In the #7 plants no colour develops 
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even if the other colour genes are present. In all crosses with such 77 
plant, as for example, Kadourie, the segregation ratios were different 
and could be explained on the basis of the difference in the basic 
colour gene. The 77 plants are white flowered as in other legumes like 
gram (Cicer artetinum), pea (Pisum sativum), lentil (Ervum lens), etc. 

In the inheritance of the three flower colours, violet, tinged (proba- 
bly pale violet of HARLAND) and white, the observed ratios support 
HARLAND's conclusion that violet is monogenically dominant over 
tinged, and tinged over white. But in the cross violet x white, while 
HARLAND (1920) got 3 violet: 1 white in one cross and 12 violet: 
3 tinged: 1 white in another, segregation of 9 violet: 3 tinged: 4 white 
has been observed in this experiment. It is possible to interpret the 
difference among the three flower colours by assuming two genes only 
instead of three genes R‚D and L proposed by HARLAND. The basic 
colour gene R is one of the factors, the other gene pair being H- 
which restricts pigmented area in tinged flower and Holstein-eye seed. 

The purple colouration on the dorsal side of the standard produced 
by the St gene proposed by KRISHNASWAMY ef al. (1945) is seen here 
to be the effect of the fruit colour genes pt, p?, p? and Pu. The effect 
of these genes on the intensity and spread of pigmented area are, 
however, different. 

The observation that the self colour of the seed is dominant over 
all the four eye colour patterns — Watson, Holstein, big and small — 
as well as the segregation ratios in crosses are in conformity with the 
results of SPILLMAN & SANDO (1930) and SMITH (1956). It is necessary 
to assume only two genes for the production of self as well as the four 
eye colour patterns. The only change proposed is to symbolize the 
eye colour genes which are recessive to the self-colour by small 
letters instead of in capitals — A for Holstein eye and w for Watson eye. 

The gene h which restricts the spread of colouration in seed and 
flower is differentially affected in these two organs by the epistatic 
effect of the gene W-w. While the gene pair W-w has no effect on 
the tinged flower, in the Ah plants the seeds are only Holstein eyed 
in WW plants. In Ww plants the pigmented area on the seeds is re- 
duced giving big eye, which cannot breed true to its type; and in ww 
plants the pigmented area is further reduced to give small eye seeds. 


fe _ Thus the /h plants have always tinged flower but may have Holstein 


eye, big eye and small eye seeds. 
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Another multiple allelic series controlling the green colour in unripe 
fruits, dorsal surface of the standard and calyx has been found. The 
factor for dark-green (GP) is dominant over the factors for green (G) 
and yellowish-green (g), and the factor for green (G) in turn is domi- 
nant over the one for the yellowish-green (g). KRISHNASWAMY ef al. 
observed that the green pod (Lg) was dominant over the light green 
(lg). To fit the observed inheritance relationship the gene symbols have 
been changed. The graded difference in chlorophyll, is also seen in 
the foliage, but as it was considerably influenced by the environnkental 
factors its segregation was not studied. The effect of these allelic genes 
is seen to be on the number and the colour of the chloroplastids in 
the cell of these organs and in the case of the standard on the green 
area also. 

A case of genic control on the proliferation of phloem parenchyma 
has been found in the inheritance of the swollen type of stem. PIPER 
(1912) observed such swelling at the base of stem in some cowpea 
varieties. Two of the wild species of Vigna, viz. V. verillata (L) 
Benth. and V. davyi Bolus have swollen root. The factor for swollen 
stem is monogenically dominant over the normal one. The difference 
between the two types is due to greater cambial activity producing a 
mass of phloem parenchyma leading to unusual swelling of the stem 
extending to the lower branches. 

The much branched compound inflorescence seen in some of the 
varieties is inherited as recessive to the normal simple type. In bean 
LAMPRECHT (1935) also observed that the branched inflorescence was 
monogenically recessive to the unbranched type, but in alfalfa, 
Duprey & Wirsre (1956) observed that the branched inflorescence 
was dominant, the inheritance being tetrasomic. 


SUMMARY 


1. In cowpea, sap soluble pigment develops only in the presence 
of the basic colour gene R,‚ the vr plants being green with white 
flower and cream-coloured seed. 

2. Maximum variation in pigmentation was seen in unripe fruits 
with the presence of a multiple allelic series p — pt — p® — p9, the 
dominance being in accordance with increasing pigmentation. 
The most pigmented type Pu was not a member of this series. 
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The relationship of two other fruit colour genes — one responsible 
for purple suture and the other for purple tip with black seed, 
both dominant over the green type — with the multiple allelic 
series has been postulated. 

3. Reversal of dominance in the hybrid p°®p9 at unripe and semi- 
ripe stages was seen. 

4. It has been possible to explain colouration in several other parts 
as the effect of these genes, but two more colour genes had to be 

ssumed as for example the gene Phr for irregular purple band 
“in branch-base, and the gene Pb for petiole-base. 

5. The genes pf, Pbr and Pb were linked. 

6. The Holstein eye seed and tinged flower were found to be the 
effect of the same gene (Ak) restricting spread of pigment. It has 
been proposed to write the gene symbols for Holstein eye and 
Watson eye in small letters instead of in capitals. Homozygous 
recessive and heterozygous condition of the Watson eye gene 
affects the Holstein eye character but not the tinged flower. 

7. The dry fruit colours besides those due to purple pigment, viz. 
brownish-straw and amber-straw were monogenically dominant 
over straw. 

8. Another multiple allelic series GP, G and g producing dark-green, 
green and vellowish-green unripe fruits, calyx and colouration 
on the dorsal surface of the standard and also having effect on 
the leaves was found. The number of chloroplastids per cell and 
to some extent their colour were affected with progressive 
dominance of the darker-coloured types. 

9. Swelling at the base of the stem due to more phloem parenchyma 
cells was found to be monogenically dominant over the normal 
type (Sw-sw). 

10. The much branched compound inflorescence was found to be 
monogenically recessive to the normal one (Cc). 
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